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ABSTRACT
The purpose of this study was to identify the plant science concepts which 
should be taught in secondary agriculture programs of the future as perceived by 
innovators in the field of plant science. The Delphi technique was used to gain the 
perceptions of a nation-wide panel of plant science professionals. The panel was 
comprised of three groups of plant scientists: secondary plant science teachers, 
university plant scientists, and plant scientists working in industry. The secondary 
plant science teachers were selected from the national and regional winners of the 
agriscience teacher award. The university plant scientists and plant scientists working 
in industry were chosen for their expertise and innovativeness through multiple 
nominations from their peers. The Delphi panel identified 191 concepts and reached 
consensus in prioritizing by importance. The highest rated concept was the 
"Scientific method of research." New concepts were added in each of the three 
rounds used in the study giving credibility to the synergistic effect. It is this 
researcher’s view that a refined list of these prioritized concepts, keeping scope, 
sequence, and difficulty levels in mind, be considered when developing new 
secondary plant science curricula.
Chapter 1 
In tro d u c tio n
Since the dawn of time the human race has had to glean subsistence from 
nature. Initially this task was accomplished by hunting and gathering activities. Food 
was plentiful since the human population was virtually insignificant compared to the 
earth’s natural bounty. This easy balance was not to endure and as the human 
population increased, even in prehistoric times, the hunter-gatherer societies looked to 
plants to supplement their dietary needs. These first domesticated plants grew from 
the seeds of discarded food at seasonal campsites by nomadic peoples as they moved 
through their annual hunting cycle. Evidence of domesticated plant material dates this 
occurrence to have taken place during Neolithic times or about 10,000 years ago. 
Therefore, the use of field crops and agriculture predate and was in fact a precursor 
to civilization (Martin, Leonard, Stamp, 1976).
As agriculture developed so did civilization. Putting it in a brief historical 
perspective, "this successful agricultural economy enabled men to construct pyramids 
and beautiful tombs and develop fine arts" (Martin et al., 1976). This observation 
adds credence to a now popular developmental model offered by Maslow that seeks to 
explain human fulfillment. Maslow (1954) proposed that humans have five categories 
or levels o f human needs:
1. Physiological needs
2. Safety needs




According to Maslow each need must be met in succession because there does 
exist a hierarchy of prepotency. The building of a pyramid or the development of 
fine arts surely addresses the needs level of esteem and self-actualization; yet, none of 
this could have been accomplished without first satisfying the basic physiological 
needs of food, shelter, and safety.
The importance of plants as food and fiber for the world’s ever increasing 
population cannot be over emphasized. Gallagher (1984) states that plants directly or 
indirectly provide almost all of the world’s food supply. His statement refers to the 
importance of plants as food for animals which in turn may become food for humans. 
Cereals, by themselves, provide 15% of all the human energy and half of all the 
protein used by humans. Miller (1987) and Turk (1985) both devote extensive space 
in their texts explaining how food from plants is a much more efficient way to 
convert solar energy into energy for humans than the use of animals as a food source. 
Turk states that, "a given quantity of soybeans and corn could feed 22 vegetarians or 
one person who eats nothing but meat" (p. 30). Today we use 22 crop species as 
food, yet there are 20,000 species in the world that can be used for food (Londer, 
1988).
Plants and their relationship to the well being of humans and the development 
of human civilization is well documented. This fact alone would warrant 
investigation in order to appreciate the contributions that plants and plant science have
made to humanity. Yet, there are more compelling reasons for humankind, and more 
specifically agriculturalists and agricultural educators, to take note of the importance 
of plant science. The world’s growing population will likely magnify this importance 
many fold in the next decade and thereafter as the relationship between population and 
food supply becomes more critical.
In 1798, Thomas R. Malthus made a unique observation for the time. He 
realized that with a world of limited arable land that agricultural production increases 
could only be arithmetic in progression while world population had the potential of 
growing at a geometric rate. It was easy to see that a food shortage would sooner or 
later come about and that it would finally be a threat to the entire human race. Over 
the years the Malthusian Theory has not worked out as an exact mathematical 
formula; yet, its ill foreboding to humankind might reach its climax in the very near 
future (Martin et al., 1976; Miller, 1987).
The International Food Policy Research Institute Report (1988), stated that the 
world would enter the 1990s with 700 million hungry people. Jeremey Rifkin (1992), 
places the number of people malnurished and constantly hungry at close to one billion 
even today. Today this hunger in the world is the product of poor distribution 
systems and infrastructures within underdeveloped countries. By the turn of the 
century it will be a lack of worldwide production problem. This problem becomes 
even more acute with estimates of one-billion starving people populating the planet by 
the year 2000 (Gallagher, 1984; Miller, 1987; Olivera & Cox, 1987; Turk, 1985). 
This figure is based on an estimated world population of just over six billion people.
Gallagher (1984) observes that by the year 2020 the world food supply must double to 
feed the estimated 12 billion people. World population is anticipated to double in the 
span of only 20 years.
The problems of population growth and food supply are magnified by the fact 
that production increases can no longer come from increases in the number of 
production acres as occurred in America as late as this century. Estimates of the 
earth’s arable soil may vary from author to author but the realization of basic global 
threats to arable soil for crop production seem to involve the following:
1. Soil erosion at alarming rates especially in soils that are marginally 
arable. It is estimated that the earth is losing its top soil at a rate of 7% 
per decade.
2. Desertification caused by shifting of sand dunes or mismanagement of 
marginal lands such as deforestation.
3. Salination of arable lands caused by irrigation.
4. Subsidence of arable lands caused by the increases in sea levels and the 
submerging of tectonic plates.
5. Encroachment or urbanization of arable land by the increasing world 
population.
6. Pollution of arable soils by chemicals, radiation and waste (Gallagher, 
1984; Miller, 1987; Turk, 1985).
With a reduction in arable land, increased crop production per acre becomes 
even more important. The chances are slight that the affluent dietary habits of people
in more advanced societies will change, but as pointed out earlier, plants are much 
more efficient than meat in feeding the present and future world populations.
The logical question at this point might be, how is the United States affected 
by the need for more food and plant science technology as a whole? According to the 
Food Review (1991), the United States is the largest food exporter in the world. This 
country is unsurpassed in its ability to produce large amounts of cereal crops mainly 
because of its large expanse of fertile soil and a generally mild climate.
Approximately one out of every three acres cultivated in the United States is grown 
for export purposes (Food Review, 1991). In addition, agricultural products 
accounted for 18 billion dollars in agricultural trade surplus in 1990 which was down 
by 8.6 billion dollars or 8 percent from 1981 (Food Review, 1991). Although 
governmental policies as well as market "ups and downs" were partially responsible 
for this decline, production and production efficiency were also listed as components.
Today in the United States there is an increased health awareness concerning 
diet. Pierce (1987) found an increase of 12% in the consumption of vegetables in the 
United States since the 1950s. These changes were due to eating habit changes as 
well as population growth. Americans also increased their per capita consumption by 
8% since 1970, with food from plant consumption enjoying an eight to one advantage 
over animal product consumption (Food Review, 1991). According to the Food 
Review (1991) the American consumer has become more food safety conscious, 
gained more nutritional knowledge and had a change in life styles. Pierce (1987)
determined that this is a recent phenomenon and is responsible for the increase in the 
use of plants as a food source.
The production capacity and innovativeness of the American farmer are 
legendary in the world today; but, will they be tomorrow? Faced with staggering 
world population growth and increased domestic demand the American plant scientist 
must not falter. In the past, one of the major increases in productivity has come from 
increased acreage. In the future it must come from new and innovative breakthroughs 
in biotechnology. What is more important is that new information and techniques are 
disseminated to the people that can make the difference.
A recent study (National Academy of Sciences, 1988) has shown grave 
concern over our faltering competiveness and our reduced profitability in agricultural 
production on an international scale. Another report concurs with these findings 
pointing to an agriculture export decrease of 12 million tons from 1981 (Food 
Review, 1991).
One of the major factors in increased productivity is the dissemination of new 
information and technology. On the world and domestic fronts the use of new and 
emerging agricultural technology is felt to be paramount in the struggle for increased 
crop productivity (Gallagher, 1984; International Food Policy, 1988; Miller, 1987; 
Food Review, 1991; Turk, 1985). In the United States the secondary agricultural 
education system is one of the major conduits through which new knowledge is 
channeled to the producer and a means of stimulating the interests of youth in the area 
of agriculture and more specifically plant science. Recent studies (A Nation At Risk,
1984; National Academy of Sciences, 1988; Understanding Agriculture, 1988) have 
shown that the United States, the world leader in crop exports, has fallen behind the 
rest o f the major industrial or "post-industrial information" (Naisbitt, 1984) nations in 
the dissemination of new knowledge to its youth. A committee approved by the 
National Research Council evaluated a cross-section of vocational agriculture 
programs and found them wanting. The following list emphasizes some of the 
problems found during their study:
1. Students do not have a realistic view of agriculture’s scope—involvement 
with the scientific progress and the use of sophisticated biological, 
chemical, mechanical and electronic technologies.
2. Materials taught are frequently outdated and usually only farm oriented.
3. In content the vocational agriculture curriculum has not kept up with 
modem agriculture.
4. Enrollment in vocational agriculture is about 4.5% of our total high 
school population and is declining at a rate o f 1 % to 3% of this total 
annually. (Understanding Agriculture, 1988)
At a time when 20% of our labor force is involved in agriculture related 
industries (Petrulis et al., 1987) less than 5% of our youth are involved in learning 
about agriculture. This problem is aggravated and may be partially explained by the 
antiquated subject matter presented in many of our secondary agricultural programs 
(Understanding Agriculture, 1988). It is important to keep in mind that plant science 
makes up from 20% to as much as 90% of some of our current curricula.
Viewing the situation from a futurist’s perspective may help to clarify the 
problem. A futurist as discussed in this study is a person who assimilates data and 
uses scientific principles to seek out trends of the future. Alvin Toffler, a noted 
futurist, attempts to explain the sum total of human history as a series of waves.
Each wave builds on the next as knowledge builds on knowledge. The Agricultural 
Revolution began thousands of years ago and changed societies forever. This "First 
Wave" as named by Toffler gave way to the "Second Wave", the industrial 
revolution, which has really only taken about 300 years to run its course and has also 
changed the world. The "Third Wave" is already here in the form of an "Information 
Age" and this dynamic wave phenomena may expend its societal change energy in 
only a few decades (1980). If Toffler is correct the tempo of change will greatly 
accelerate. Naisbitt (1984) also declares that the United States has already moved 
from an industrial society to an information society. So how is this "information 
explosion" related to plant science? Plants feed the world’s increasing population, 
therefore new innovations in plant science are important.
If plant science is so important in an information society, then plant science 
knowledge (biotechnology—technology having specific application to living organisms) 
and information are even more important as the following quotations insist. "In an 
information society, we have systematized the production and amplified our 
brainpower. To use an industrial metaphor, we now mass-produce knowledge and 
this knowledge is the driving force of our society" (Naisbitt, 1984, p. 7).
From the introduction it is evident that there is an information problem in a 
very important area of human endeavor. Plant science is of extreme importance to 
the country and to a hungry world. Biotechnologists are amassing large quantities of 
knowledge that are not being disseminated through one of several important channels, 
the secondary agriculture education programs. The United States is in a dynamic 
position as an information society and leading crop producer in the modem world. 
Devices must be found to update plant science programs by forecasting pertinent plant 
science concepts of the future. This data must be disseminated to U. S. farmers and 
those who greatly need the data if the world’s food shortage of developing nations is 
to be reduced (Gallagher, 1984; International Food Policy Research Institute Report, 
1988; Olivera & Cox, 1987).
Purpose and Objective
The purpose of this study is to identify the plant science concepts which should 
be taught in secondary agriculture programs of the future as perceived by innovators 
in the field of plant science. This study will be conducted to accomplish the 
following specific objective:
To determine the futuristic subject matter needs (concepts) at the secondary 
level in the area of plant science as perceived by innovative university plant 
scientists, innovative plant scientists working in industry and innovative 
secondary (plant science) agriculture teachers.
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During this study the term futuristic will be used to modify other terms and refer to 
their newness, currency, or timeliness. The term innovative will refer to the spirit of 
using current or new knowledge and techniques.
Significance of the Study
The mandate given in the report, A Nation At Risk (1984) has given a great 
deal of importance to the renovation of America’s educational system. As previously 
discussed, plant science has a very important role to play in our country’s economic 
well being and in the world’s quest for hunger management. Plant science in the 
United States has evolved from a labor intensive field to an information and 
technology intensive field. In light of this evolution, what are the implications for the 
organization and development of curriculum in the area of secondary agriscience?
The federal government has already taken action in the form of a priorities list 
of agricultural concerns sent to the Secretary of Agriculture. The second priority list 
addressed the need to expand biotechnology applications. Priority three sought to 
develop and maintain scientific knowledge and expertise (Fiscal Year 1989 Priorities, 
1987). This study identified concepts to be included in the secondary plant science 
curriculum thus disseminating scientific knowledge in an area of agriculture.
A study of this nature assists in establishing baseline data relative to plant 
science concepts and is supportive in establishing priorities. This study would 
strengthen the link between industry and the secondary classroom often emphasized in 
recent reports such as High Schools and the Changing Workplace (1984), 
Understanding Agriculture (1988) and The Unfinished Agenda (1984). Each of these
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reports concluded that industry must form partnerships o f some type with schools if 
education was to produce the finished product, the worker. Therefore, plant scientists 
working industry along with university researchers and classroom teachers of plant 
science must be involved in any curriculum development efforts. This plant science 
worker, the enhanced product of our educational system, would be the keystone in 
keeping America competitive on the world market.
This study would allow innovators to share their best thoughts and ideas with 
each other and develop a consensus of opinion. The agriculture curriculum specialist 
would gain a knowledge of futuristic plant science concepts. These principles could 
add definition and insight when developing new secondary plant science curricula.
C hapter 2  
Review o f Literature
This chapter provides a review of literature pertaining to six major subject 
areas: futurism, futurism in plant science, curriculum in general, curriculum 
development in agriculture, developing futuristic curricula and the Delphi technique.
A comprehensive manual search was made of several indexed and non-indexed 
journals and magazines in order to examine futuristic articles in general and those 
specific to plant science. The Guide to Current Periodicals served as a starting point 
while researching articles and editorials on futurism and curriculum development.
The Louisiana State University library card catalog was used extensively in locating 
references to develop a historical background concerning curricula, curricula content 
development techniques, Delphi studies and Delphi applications.
A computerized search of the Educational Resources Information Center 
(ERIC) was also conducted. From this data base information was obtained from 
Research in Education (RIE) and from Current Index to Journals in Education (CUE).
An extensive number of articles and books were determined to be of worth in 
this study by using the reference data gleaned from initial manual and computerized 
searches. The major effort in reviewing the related literature was focused on 
identifying those books,'dissertations, periodicals and reports which contained one or 
more of the descriptors: "Futurism," "Futurists," "Curriculum," "Curriculum 
Development," "Curriculum Content," "Plant Science," or "Delphi."
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It would be remiss on this researcher’s part not to credit attainment of many 
reference sources to conversations with knowledgeable professionals within the field 
of education. Many sources found to be of value were discovered in the reference 
data of published works concerning subjects related to the descriptors aforementioned. 
The preponderance of the information sought was published from the late sixties to 
the present with certain historical background information published near the turn of 
the century.
Futurism: A General Overview
Since the dawn of time, humankind has always been fascinated by the 
possibility of foreseeing the future. To a large extent magic and crystal balls were 
used by soothsayers to this end with little success other than chance and coincidence.
Forecasting or foreseeing the future is common in our everyday lives. For 
example, we expect to know what the weather will do in the next few hours. 
Knowledge of what the weather is going to do in the future comes from knowing what 
it has done in the past over a long period of time or knowing the climate. It is also 
important to know what global atmospheric events have taken place and what effect 
they will have on the local weather. In short, weather forecasting is not magic, nor is 
the forecasting of other futuristic events, when technology and proper scientific 
techniques are used. Futurists today wish to gain knowledge of the future so that 
needs might be forecast and problems alleviated. How much credibility can be given 
to forecasting the future? Can this information be used in a manner that will prepare
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us for future social and economic trouble in the same manner that meteorological 
forecasting allows the population to dress for the predicted weather?
Many people are becoming quite enamored by the thought of learning more 
about the future in an orderly and scientific manner. Naisbitt (1984) found that the 
professional interest in the study of the future had increased. He documents this 
stating that the World Future Society grew from 200 members in 1967 to 30,000 in 
1982. There are now 122 periodicals that deal with futurism and 45 universities that 
offer future-oriented degrees (Naisbitt, 1984).
Recent books by futurists raise some very thought provoking statements and 
ideas dealing with the future as it relates to the past and present. "We must learn 
from the future in precisely the ways we have learned from the past. We must now 
learn from the present how to anticipate the future," says John Naisbitt (1984 p. 9).
It would almost seem impossible to learn from the future, but this is exactly what 
futurists attempt to do.
One of today’s most noted futurists has sought to define the evolution of 
civilization using the idea of successive waves. He feels that the analogy of a wave 
allows mankind to realize the dynamic and overlapping effect that different world 
events have on civilization as we know it. He maintains that it represents a  more 
characteristic model in that it is successive or sequential in movement and may strike 
against the coast (society) in a more or less violent manner depending on the existing 
characteristics of the coast line or society. Yet, it is evident by his narrative that he
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feels the term "crashing" is the only appropriate term as he speaks of the effects of 
current events on our society (Toffler, 1980).
Toffler attempts to take,an overview of human history and determine major 
divisions and the characteristics of those divisions. Using his wave analogy he puts 
civilization into its "First Wave of Change" during the agricultural revolution which 
he feels lasted for several thousand years. This wave of revolution was finally 
dwarfed by the "Second Wave of Change" called the industrial revolution. This wave 
only lasted for three hundred years, but it changed the world in phenomenal ways and 
caused a total restructuring of society. The history of change is interesting, but what 
it tells us of coming change wrought by the "Third Wave" is much more exciting. 
Toffler explains that the major difference between the nature of these waves lies in 
the speed at which they expend their kinetic energy. The agricultural and industrial 
revolution took a few thousand and a few hundred years respectively to vent their 
change. But, the wave of change that confronts us now will only take a "few 
decades" to expend its accelerated force. This means that in the past, several 
generations would absorb the dynamics of a given change, but this last change will be 
absorbed in one generation, our life time (1980).
The successful work force of the "Third Wave" will differ greatly from that of 
the "Second Wave." Toffler explains that in the fast changing society of the "Third 
Wave," individual workers will be expected to react to new knowledge as an 
individual and in a timely manner. This new successful worker will not be nearly so 
regimented and will assume more responsibility for innovation. This picture is very
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different from the once secure assembly line worker of the industrial age (Toffler, 
1980).
Naisbitt (1984), spends little time on the past and instead tends only to note it 
as it contrasts to the present or his predicted future. He does, however, explain that 
it was in the year 1956 that the United States employed more of its labor force in 
white collar jobs (managerial, clerical, and technical) than in the traditional blue 
collar jobs. He therefore, concludes that this point in history marks the end of the 
industrial revolution and the onset of the information age in the United States.
Naisbitt (1984) notes ten basic shifts that are going on in society today, and he feels 
that problems will arise only if we fail to acknowledge the changes in our society and 
the rapidity at which they are taking place. He is adamant about the importance of 
this accelerated rate of change and makes a desperate plea for thought and work in 
this area when he states, "We are drowning in information but starved for knowledge" 
(p. 17). This knowledge he speaks of is knowledge to deal with the wealth of data 
we are accumulating.
Clodi and Jacobson (1989), begin their predictions for the future by pointing to 
the past. They note that in the past society’s goals centered around making more 
money and attaining more possessions. Today many families have realized the goal 
of affluence is out of their reach and the competitive world is not going to get any 
easier for them. These authors see the future as a time demanding increased adult 
literacy, retraining and continual curricular reform. Accordingly, this will be a time 
of retooling and remediating the work force.
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The Future and Education
How important will education be in the future? John Naisbitt (1989), said, 
"The new source of power is not money in the hands of a few but information in the 
hands of the many" (p. 7). Dede and Allen (1981), foresaw a possible future scenario 
with an economic power base centered in 20% of the population that control the most 
important commodity, knowledge. Discussing education and the future Toffler (1974) 
suggests that "future-conscious education is a key to adaptability--" (p. 3). Ravitch 
(1983) while acknowledging the dangers of prediction states "the field of education is 
dependent on future-thinking" (p. 317). Toffler (1970) came to the conclusion that 
the rapidity of change in the world would, "compel the individual to relearn his 
environment at every moment" (p. 180). Toffler also suggests that education in the 
future will become a key experience industry and "employ experiential techniques to 
convey both knowledge and values to students" (p. 234). Toffler feels that education 
should be a leader in the change process, and he advocates using councils made up of 
parents, teachers, business persons and students to change curricula much like 
advisory councils are used today in vocational agriculture.
Marvin Cetron (1988), another noted futurist states that "the future o f business 
depends on education (p. 12). This statement gains added weight when one realizes 
that the total knowledge in the world will increase four times by the turn of the 
century. He enforces this point by explaining that seniors in the class of 2000 "will 
be exposed to more information and knowledge [in that one year] than their grand­
parents were in a life time" (p. 10). Combs (1981) concluded that technical
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information doubles every ten years and the number of technical journals doubles 
every 15 years, thus explaining why some teachers are finding themselves behind in 
maintaining technical competence in their subject area.
Cetron (1988) states that soon all vocations and professions will realize the 
necessity for continual updating and re-educating. Cetron (1988) defends this 
statement as he notes that engineers are forced back to school after finding out that 
their training is obsolete five years after graduation. Contrary to certain back to basic 
advocates Cetron foresees vocational education becoming as crucial as traditional 
education and that it should be administered to the student as an individualized 
educational plan. Cetron also advocates a renewed emphasis on basic science literacy 
among people living in a democracy that will be voting on issues such as genetic 
engineering and space exploration.
Bleecker (1987), attempts to characterize the future when he states that today, 
and even more so in the future, the mind, not the body, will be the corner stone of 
the economy. He calls information currency and ideas products. It follows that 
knowledge and education are critical to productivity.
Futruism has in recent years gained the interest of many. New techniques and 
greater accuracy has accompanied this new interest. Educators, being change agents 
must study futurism for trends that could be of value to their students and future 
students. Agriscience educators must accept the challenges of the future as the world 




Toffler (1980) hypothesized how agriculture would change even before the 
turn of the century.
. . .  in agriculture, genetic engineering will be employed to increase the 
world food supply. The next bio-agricultural revolution aims at 
reducing that dependence [on petroleum-based fertilizers] on artificial 
fertilizer. Genetic engineering points toward high-yielding crops, crops 
that grow well in sandy or salty soil, crops that fight off pests. It also 
seeks to create entirely new foods and fibers, along with simpler, 
cheaper, energy-conserving methods for storing and processing foods 
(p. 148).
The information about genetics is doubling every two years and this knowledge may 
hold the answer to ending hunger in the world of tomorrow. Poor nations became 
dependent on the rich nations because of the "Green Revolution." This was done at 
the expense of world resources of energy and environment, yet using genetic 
engineering and technology poorer nations may become independent in the future 
(Toffler, 1980). Another futurist calls biotechnology a "sunrise industry" (p. 69) with 
an "adventurous" (p. 72) future (Naisbitt, 1984).
The United States and other industrialized nations have for many decades 
sought to have science solve their problems and insure their advances, even their 
physical security. The initial elements of this omnipotent component were chemistry 
and physics. Leading futurists today see biology as the most important of the
sciences in the future (Bell, 1980; Drucker, 1985; Naisbitt, 1984; Toffler, 1980). 
Agriculture is the science of farming (New Webster’s Vest Pocket Dictionary, 1976) 
and plants are a very important part of farming. Whether plants serve as the product 
under production as in a grain operation or as feed for animals such as in dairies or 
on cattle ranches. Martin, et al., (1976) assert that agronomy is the science of crop 
production and has its primary origins in "botany, chemistry and physics" (p. 5). 
Because of the biological nature of plant science a new era is on the horizon as 
biotechnology becomes more practical in production. Wallace (1987) explains how 
productivity in any field can be enhanced by technology, and that productivity is a 
ratio of input of resources to output of product. Wallace (1987) brings resolution to 
this equation by stating that "the significance of technological change is that it permits 
the substitution of knowledge for other resources or of inexpensive abundant resources 
for scarce and expensive resources" (p. 36). This last statement explains the 
important relationship between agriculture and biotechnology. When considering 
arable land, agriculture is a limited resource industry. This new knowledge will be a 
great advantage as the call for increased production puts an increased stress on limited 
raw materials. This could be the answer to the Malthusian problem o f an increasing 
population and a Unite amount of agricultural land. Plants with their greater net 
protein production per unit of input would seem to offer the greatest possibility for 
increased food production for a  hungry world.
One might now begin to narrow the focus to individual subject matter areas 
and ponder the new knowledge at present and in the future. A vast array of new
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knowledge exists in plant science and this knowledge is currently undergoing a period 
of rapid progress. This study will take up the challenge that agricultural education 
has in acquiring and disseminating some of this knowledge in the area of plant 
science. What will some of this new knowledge look like?
Agracetus Coiporation of Middleton, Wisconsin, is in the process of 
developing new plants through genetic engineering. Bacterial genes might be 
incoiporated into plants to act as pesticides thus alleviating costly pesticides and their 
dangerous residues. Protein production in corn might be improved by introducing 
animal genes that determine amino acid production. Researchers have found genetic 
manipulation of cereal crops to be slow, but the transfer of a firefly gene to a tobacco 
plant resulted in a tobacco plant that glowed in the dark (Kozlov, 1988).
Soil Teq, a biotech agriculture corporation, uses infrared aerial photo analysis 
to guide driverless fertilizer spreaders. These spreaders, using precise digital maps 
made by satellites release the exact prescription of fertilizer on any given square 
meter of ground as dictated by the varying soil types. Using this method the soil 
acquires what it needs, no more no less, thus stopping ground water contamination 
while maximizing production at less cost (Kozlov, 1988).
Oliqenstein (1988) reports that cotton fiber can now be produced in the 
laboratory using cotton plant cells. By careful control of raw sugar, mineral salts, 
and various hormones almost any cells from cotton plants produce cotton fibers. 
Advantages are shorter growing time, three to five weeks, no light or field 
requirements, no pesticides or typical diseases, and no Brown Lung Disease in textile
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workers. Researchers believe they will soon be able to manipulate fiber length for 
specific market requirements.
The DNA Plant Corporation, using a variation of tissue culturing called 
"somaclonal variation," rapidly mass-produces superior vegetables in greenhouses. 
Naturally occurring plants have somatic mutations which can make them superior 
genetically, but up until now the superior traits were difficult and costly to transmit to 
second generation clones. Currently, celery can be made less stringy and other 
vegetables more juicy or more crunchy using this method. Theoretically, all fruits 
and vegetables could be subjected to this improvement practice. There are currently 
over 150 "food biotech" firms that are involved in this type of work (Londer, 1988).
"Bioherbicides" seem to be the environmentally safe way to attack weed pests 
in farm crops. Using these naturally occurring fungi, either genetically altered or in 
increased concentrations, seems to be the herbicide base of the future. Fifteen 
countries are now researching possibilities for new "bioherbicides" (Agriculture 
Biotechnology and the Public, 1988). Scientists in industry and the university setting 
are researching the use of genetic engineering to kill harmful insects, increase salt 
tolerance of crops, reduce and diagnose early diseases of virus, bacteria and fungi, 
improve yields, and improve quality of product (Agriculture Biotechnology and the 
Public, 1988). In our weight conscious society it was inevitable that agriscientists 
would find a sugar that is not fattening. Through an understanding of molecular 
structure, scientists have found a naturally occurring so called left-handed sugar that 
tastes sweet, is not digested, and therefore will not cause weight gain (Londer, 1988).
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Read (cited in Agriculture Biotechnology and the Public, 1988) not only 
recognizes the need for new plants as food, but notes the importance of finding new 
plants with greater genetic diversity that could be incorporated into domestic plants 
through engineering.
This cursory look at the biotechnology and other modem innovations in plant 
science demonstrates the wealth of new knowledge being created in agriculture and 
more specifically, plant science. It is this fact coupled with the importance of plant 
science today and tomorrow that demands a curriculum content update for secondary 
agriculture courses.
Studying the Curriculum
Ideas and philosophies of almost any kind concern education. Therefore, it is 
proper to review curriculum development to understand how new information and 
technology in plant science should become part of a curriculum.
Most educational philosophies concerning curriculum found their roots in 
Europe or ancient Greece where Plato’s ideas on learning later evolved into the theory 
of education known as "mental discipline." This theory engendered the idea that 
powers of intellect could be enhanced by the study of certain subjects. These subjects 
should be in a certain sequence and would increase "memory, reasoning, will, and 
imagination" (Kliebard, 1986. p. 5). It is at this point that a more in-depth review of 
historic curriculum development seems appropriate. Joseph Schwab (1983) declares 
that those trying to study curriculum without a knowledge of current and past work in 
this area have a "tendency" toward "profound ignorance" (p. 259).
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A recent study by Taylor (1986) declares that history, especially in the area of 
curriculum, is indispensable for understanding curriculum sources and being able to 
manage and control curriculum. This same study determined that a historical 
background could provide the necessary context and explain outcomes of certain 
curricula. It is from this underpinning that this historical sketch is included as one 
attempts to weigh the importance of knowledge to be used in curricula of the future.
The origin of all curricula comes from the daily activities of a people. 
Brubacher (1947) depicts this natural occurrence as "functional genesis" (p. 249).
The Greeks used the trivium composed of grammar, rhetoric and logic or dialectic, as 
it was sometimes called, to educate youth to a civic life. The quadrivium composed 
of arithmetic, geometry, astronomy, and music were taught, but emphasized to a 
much lesser degree. Together these seven subject areas formed the liberal arts 
curriculum of that day. This curriculum, with only minor variation, provided the 
basis of educational doctrine in the area of curriculum theory until the onset of the 
industrial revolution actually demanded change. This is not to say that some additions 
were not recommended, such as those of Pythagoras, about 540 B.C., who 
recommended the study of geography, physics, and medicine (Brubacher, 1947).
These additional sciences were given only minimal recognition until much later. The 
Roman conquest of Greece only added slightly to the curriculum as Latin was 
required along with the ancient Greek so that all the secrets of the Greek knowledge 
base could be translated to the ruling language of the world at that time, Latin. The 
fall of Rome and the onset of the "dark ages" served only to narrow the curriculum as
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it caused a general reversal in the field of education. The Roman Catholic church did 
in some respects keep the idea of educating youth alive, but this was only in religious 
areas, therefore, only the ancient languages were necessary. The sciences which were 
felt to be in somewhat of an opposing stance to religion were relegated to a much 
lesser status (Brubacher, 1947).
The Renaissance with its new quest for knowledge did little in the way of 
curriculum reform. Its goals were to rediscover the knowledge of the Greeks and 
Romans. Therefore, Latin and Greek took first priority in subjects to be learned.
The Reformation in Europe, however, caused scholars to once again dare to question 
authority (religion) and study the scientific knowledge acquired by Galileo,
Copernicus and Kepler (Brubacher, 1947). In so doing, Reformation scholars began 
to delve into those haunting questions of what should be taught and the companion 
notion of how it should be taught.
In the late seventeenth and early eighteenth centuries the curriculum was still 
in a state of stagnation in Europe as well as in America. Brubacher (1947) and Good 
(1960) both explain this fact as being an artifact of the Greek educational tradition 
that survived curriculum evolution in Europe. It seems that education was to be 
primarily for the upper class individual. Any subject matter that could be a precursor 
for merchandizing or a skill was to be shunned by the educational establishment.
This prominent idea pervaded curriculum theory and practice and set the stage for 
debate and finally educational reform in Europe as well as the United States.
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Some of the European philosophers such as Thomas Huxley begged England to 
teach her youth the sciences of chemistry and physics as these were the basis upon 
which the industrial revolution and, therefore, the fortunes of England were being 
built. Herbert Spencer (1954), in his quest for the knowledge of most worth, justified 
the inclusion of science in the curriculum using the same argument of mental 
discipline. He states that science is superior to the humanities because it develops 
both "memory and understanding" (Brubacher, 1947, p. 39). Educators were slowly 
realizing that the deduction of Aristotle was losing ground to the induction of Frances 
Bacon. The brilliant arguments made by Spencer and Bacon helped to weaken, but 
did not end the dualism that prevailed between the humanities and the sciences.
One very influential philosopher and educator, John Frederick Herbart, 
attempted to mark the demise of the duality in curriculum development. He stated 
that education has two main components "the knowledge of men and the knowledge of 
things" (Brubacher, 1947, p. 269). Herbart had been influenced by Comenius, 
Rouseau, and Pestalozzi. From these giants he learned the importance of 
individuality and child development when designing a curriculum. It was the 
philosophy of Herbart that beckoned a wave of reformers first in Europe and twenty 
years later in America.
As America stretched at its boundaries and found comfort in accomplishing 
"manifest destiny," educational needs of a young nation became apparent. Those 
forward thinking educational reformers of the 1800s focussed their attention on the 
teacher where they felt improvement was most needed. These conveyers of
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knowledge were "ill-trained, harassed, . . . underpaid . . . and often immature" 
(Kliebard, 1986 p. 1). Yet, America had become a nation during the beginning of the 
industrial revolution. This fact alone began to destabilize the traditional family and 
soon it was apparent that the school as an institution must shoulder more 
responsibility for instilling moral values and societal norms. It was at this point that 
attention was given to the curriculum. The curriculum was becoming unwittingly 
nationalized as poorly prepared teachers had to rely on popular textbooks of the time 
such as the McGuffv Reader (Kliebard, 1986). Literacy became economically 
important as newspaper circulation doubled between 1870 and 1880. Transportation, 
namely the railroads, formed a new and growing conduit for trade, as well as for 
news, literature, and ideas.
The leading universities in America supported the mental discipline theory as 
typified in a report from the Yale faculty in 1828 (Kliebard, 1986). This report 
enforced the mental discipline theory elaborating that it would develop the ability to 
think and give the mind content. The curriculum of choice for mental disciplinarians 
was mathematics and the ancient languages of Latin and Greek. Educators of the day 
armed with this theory required drill and recitation, with abstainers receiving harsh 
physical as well as extra helpings of mental discipline. An educational researcher of 
the day interviewed children who worked in the factories or "sweat shops" of the 
time. She determined that 80% of the children she surveyed preferred work to being 
bored or embarrassed by being in school (Kliebard, 1986).
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As the century began to come to a close, an important committee, the 
"Committee of Ten," chaired by Charles W. Eliot, then president of Harvard 
University, made a report that was to precipitate change. The change that it 
recommended was not nearly as important as the reactions that it engendered from the 
growing number of opponents of the mental discipline theory. Actually, the report 
recommended some reductions in the ancient languages and Eliot himself leaned 
toward some electivism. The major finding of the report was that a good education 
for life was synonymous with a college preparatory education. This conclusion 
seemed to produce the most animosity among the new and growing group of 
Herbartarians (Good, 1960) lead by G. Stanley Hall (Kliebard, 1986).
"A new language always reflects a new point of view" (Bloom, 1987 p. 141) 
and with this in mind the next substantial changes in curriculum theory took on new 
terms and were felt to be the child of a more scientific form of inquiry. The student 
population had grown rapidly and the Hebartarians, many having recently come from 
travels and study in Europe, primarily Germany, sought a differentiated type of 
curriculum for the majority of students that would not be going on to college. What 
they had witnessed in Germany was the educational system driven by a nation rapidly 
pursuing the industrial age (Good, 1960). Surely this vista of efficiency was a siren 
not to be denied of the world to come.
"Any inherited system, good in its time, when held to after its day, hampers 
social progress" (Bobbit, 1918, p. iii). How much importance should be placed on 
this statement? One noted educational researcher credits Bobbit as being the first to
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study curriculum as a separate entity of education (Peterson, 1979). Bobbit (1918) 
felt that many educators around the world were coming to realize that learning could 
only take place in a natural environment as he states, "work-activities as [being] the 
only possible normal method of preparing for the work of the world" (p. 20).
Bobbit was not alone as many now famous names in education began the all 
important task of questioning, proposing, criticizing and supporting their chosen 
philosophy. Theory seldom transfers directly or completely into practice, and 
curriculum changes in the industrial age were no exception. This was quite evident in 
the case of the practical interpretations of John Dewey’s curriculum theory (Kliebard, 
1986). Yet, many of Dewey’s pragmatic ideas for a different education were 
accepted and inculcated in the new curriculum.
Moore and Gaspard (1986) determined that one of the areas of this new 
industrial age curriculum was in general pioneered by four men, David Snedden, 
Charles Prossor, Rufus Stimson and Charles Allen. These men were drawn together 
in the Massachusetts state school system. The group was lead by David Snedden who 
later became known for his educational philosophy of social efficiency. According to 
Moore and Gaspard the ideas of this group began to dominate a large area of the 
curriculum, vocational education. This philosophy sought to separate students who 
chose vocational subjects from general education students, and was opposed to the 
philosophy espoused by Dewey and his followers (Kliebard, 1986). This later became 
a great point of contention among educators.
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Charles Prossor, actual author of the Smith-Hughes Act of 1917 (Kliebard, 
1986), worked for David Snedden and harbored a sympathetic educational philosophy 
which was evident in his writings. Another key person in early vocational curriculum 
was Charles Allen. Allen was a scientist by training and added the idea that inductive 
reasoning and an objective problem solving method be a fundamental part of the new 
pragmatic curriculum. He also provided the occupational analysis technique to the 
systematic development of industrial education curriculum. Rufus Stimson, steeped in 
pragmatic philosophy, joined what Moore and Gaspard (1986) have called the 
"Quadrumvirate of Vocational Education" as a seasoned teacher with great experience 
in the field of vocational education. Stimson and his fellow workers shaped a new 
chapter in educational curriculum, that of vocational education.
The Origin of the Agriculture Curriculum
As early as the 1890s the necessity of teaching remedial agriculture to students 
in the newly founded agricultural colleges was found to be essential (Moore and 
Borne, 1985). As G. Stanley Hall had attempted to show, students usually knew less 
than their teachers assumed (Kliebard, 1986). This revelation led to development of 
agriculture curricula taught at the high school level. The United States Department of 
Agriculture developed a curriculum for high schools in the last decade of the 
nineteenth century. This curriculum was made up of agronomy, zootechny, dairying, 
rural engineering and rural economy (Moore and Borne, 1985).
Moore and Borne (1985) explain that even from this first curriculum, courses 
were generally designed requiring four years for completion. Yet, many high schools
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concentrated most agriculture courses into the first two years because of the high 
dropout rate among youth who were going back to farming. These courses in 
agriculture seemed to have the same origin as many of the general education subjects, 
namely that the colleges felt that they were important. Hamlin (1956) found the 
semester and year long duration designed into the early agriculture curriculum was a 
direct offshoot of the agriculture colleges. The teachers at the secondary levels 
initially were teachers of science and chemistry; and, therefore, the approach to 
teaching was of a scientific and experimental nature (Moore and Borne, 1985).
Having identified the origin and motivation for the evolution of the agriculture 
curriculum it becomes important to realize how the curriculum content was 
determined. Several researchers have found that agriculture curricula content was 
derived by unique methods.
Many different techniques or methods were identified that have been used in 
the development of vocational and more specifically agricultural curricula. A list of 
these would contain the following: randomly deciding subject matter, occupational 
analysis, job analysis, task analysis, the project method, introspection, work groups, 
DACUM (Developing A Curriculum), functional approach, critical incident technique, 
Nominal Group Technique (NGT), and the Delphi Technique. A brief description of 
each follows along with some of their advantages and disadvantages.
Mays (1948) determined that the method of curriculum development in 
agriculture was to randomly decide on subjects that a farmer should be familiar with
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and then sequence these different subject areas into a logical order to be taught. He 
concludes that tradition was the only driving force for using this type of procedure.
The Smith-Hughes Act of 1917 established the Federal Board for Vocational 
Education. It was at this time that .the study of vocational curriculum, and especially 
the agriculture curriculum, was begun in earnest (Moore and Borne, 1985). Finch 
and Crunkilton (1979) list as the first curriculum development strategy that of 
developing a philosophical basis. The Smith-Hughes Act did, in fact, provide this 
element in as much as it required the curriculum in agriculture to provide certain 
facets. One of the first techniques used for determining subject matter content was 
occupational analysis. This method was borrowed from industrial education and first 
used in the subject area of agriculture by Rufus Stimson (Moore and Borne, 1985). 
This method was more objective in nature than the traditional method. It still owed 
much of its subject matter to the teacher who had been trained on a farm and schooled 
at an agricultural college. Later very closely related techniques used on smaller 
scales came to be known as job analysis and task analysis. Just as in occupational 
analysis a job and its component tasks were analyzed to determine the elements of 
knowledge needed to accomplish it. Rufus Stimson’s project method provided a 
starting point for occupational analysis as the Smith-Hughes Act required that methods 
studied in the classroom be applicable to the student’s supervised farm project (Cook, 
1947). Ralph Tyler (1950) suggested that the first principle in selecting learning 
experiences was that the student must be given the chance to apply the subject matter 
taught. Curricula in agriculture after the Smith-Hughes Act fulfilled this basic
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philosophical cornerstone. Problems encountered in the student’s home project were 
analyzed and broken down into their basic elements. This knowledge was then 
systematically taught. Many times the what to teach question was answered by the 
local agriculture teacher. This was natural since the teacher had the student’s home 
projects and his own intuitive knowledge of farming for guidance.
The Vocational Education Act of 1963 drastically changed the scope of 
information that was to be taught in agriculture at the secondary level. This act 
provided for non-farm agricultural occupations to be accommodated in the secondary 
vocational curricula. Now the teacher of agriculture could no longer rely on his own 
knowledge of farm tasks. This led to new approaches for determining content in 
agriculture subject matter areas as the number of off-farm agriculture jobs seemed 
limitless.
Finch and Crunkilton (1979) list introspection as another method by which 
curriculum content can be and was developed. These authors explain that using this 
technique a teacher would examine his own thoughts or feelings as to what should be 
taught about a specific occupational area. A variation of this method would be to form 
a work group composed of teachers to combine their knowledge of a particular 
occupation, job or task. From this knowledge base a new curriculum would evolve. 
This method lacked objectivity and required an occupational advisory committee that 
was associated with the occupation to validate the curriculum.
Another content determination technique that emerged was a hybrid of the 
occupational analysis and introspection strategies, the DACUM (Developing A
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Curriculum) approach. This technique utilizes the actual professional, working in the 
occupation to be studied. These experts break down the occupation into its basic 
knowledge requirements, much as the occupational analysis technique does, but 
without the aid of teachers or other academic help. Finch and Crunkilton (1979) list 
timeliness, cost effectiveness, and the involvement of the actual worker in determining 
the input as advantages of this system.
A unique subject matter determination technique is the functional approach. 
This method attempts to determine that knowledge which is generic to several 
occupations as functions. This requires the curriculum developer to search for the 
unifying elements across an entire industry (Finch and Crunkilton, 1979). For 
example, crop production may center on tillage, crop protection and sales as some of 
its generic elements. The limitation to this approach is that in some areas very 
technical knowledge, unique to a specific occupation, might not be covered. After a 
review of the subject, Flanders (1988) and Finch and Crunkilton (1979) determined 
that in subject matter acquisition techniques, occupational analysis with only minor 
variations has been the technique of preference by agricultural curriculum specialists. 
This was evident in the development of curriculum by the Vocational-Technical 
Education Consortium of States (V-TECS) in the late 70s and early 80s which used a 
refined form of task analysis (Finch and Crunkilton, 1979). This type of curriculum 
strategy is quite involved, sometimes requiring large expenditures of time and 
financial resources not necessary in some of the other strategies. Yet, it uses the 
actual worker to determine which tasks are required and the importance of each task.
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In this type of strategy the job is known and the curriculum expert is only attempting 
to analyze it in a manner that will result in sequential curriculum content.
A curriculum content strategy seldom used is the critical incident technique. 
This technique is used to determine effective content in the curriculum. A critical 
incident is any human activity that allows for an observer to make inferences and see 
the purpose and consequences of the activity (Finch and Crunkilton, 1979). This type 
of strategy could be used to try to identify those interpersonal skills which could be 
lacking in graduates in a particular occupation that have failed to maintain 
employment.
In many instances one of the major concerns of curriculum development is the 
incorporation of the most timely and up to date subject matter. Futurists tell us that 
change, especially in vocational areas in the world o f work, is taking place at an 
alarming rate. Therefore, to parallel Herbert Spencer’s thinking, one of the major 
questions concerning curriculum developers in vocational education must be what 
knowledge will be of most worth in the future? This concern makes invaluable a 
study into material that is actually futuristic in nature. Research has shown that group 
decisions have a significant advantage over individual decisions especially when the 
problem to be solved has limited concrete data as in futuristic studies (Delbecq, Van 
de Ven and Gustafson, 1975; Linstone and Turoff, 1975). It was found that a person 
could produce twice as many ideas when part o f a decision group as on an individual 
basis (Delbecq, et al., 1975). Furthermore, studies have shown that decision making 
groups having some degree of anonymity between members (called nominal groups
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because they are groups in name only) were superior in the areas of idea uniqueness, 
quantity of ideas, and quality of ideas as compared to decision groups which were 
interactive in nature (Bouchard, 1969; Bouchard and Hare, 1970; Campbell, 1969; 
Martino, 1972; Vroom, Grant and Cotton, 1969). Reasons for this ranged from 
dominant personalities and unwillingness on the part of some group members to 
express opposing opinions to actual fatigue of committee groups causing an inaccurate 
consensus. Martino (1972) explains that anonymity also provides a mechanism for 
saving face when a respondent realizes their possible error. Two major techniques or 
strategies have been developed that attempt to combine the validity of group 
consensus or normative truth with increased productiveness and individual creativity 
stimulated by anonymity. These are the Nominal Group Technique (NGT) and the 
Delphi Technique.
The Nominal Group Technique has been used with success in futuristic studies 
where judgmental decision-making is necessary (Delbecq, Van de Ven, and 
Gustafson, 1975). In this process, group members are presented with a problem and 
asked to respond in writing without any verbal communication initially. There are 
many modifications of this method, but the main idea is that each member must 
contribute by written response to the problem presented. This precludes dominant 
personalities from being allowed to stifle less dominant individuals. The group is 
then brought together and the aggregate of their solutions is discussed solution by 
solution until a consensus is reached. The individual anonymity of the members ends 
with the group discussion (Buchholz and Roth, 1982; Delvecq, Van de Ven, and
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Gustafson, 1975). When it is impossible to bring group members together because of 
schedules, geographic distance, or budgetary constraints, the Delphi Technique has 
shown much versatility. The Delphi Technique derives its name from the fabled 
ancient Greek city of Delphi. In Greek mythology Apollo while seated on the 
omphalos (navel) of the earth at Delphi had the power to see the future (Linstone and 
Turoff, 1975).
It was from this association with the future that Olaf Helmer and Norman 
Dalky named their futuristic research strategy the Delphi Technique. Their research, 
done at the Rand Corporation during the 1950s, was a defense effort sponsored by the . 
United States Air Force in which the Soviet point of view was sought as to how many 
atomic bombs would be needed to reduce the United States to a certain level of 
munitions output (Linstone & Turoff, 1975). It is easy to see that it would have been 
impossible to gain hard data on this speculative future event and the Soviet experts 
would not have been receptive to a questionnaire on their opinions. It was from this 
important, but highly subjective problem that the Delphi Technique developed.
Dalkey (cited in Martino, 1972) defines the Delphi Technique as "a set of procedures 
for eliciting and refining the opinions o f a group of people” (p. 25). He further 
refines his definition as a  group process using "experts or especially knowledgeable 
individuals" (p. 25). Delbecq, et al., (1975), use the following as a definition:
The Delphi Technique is a method for the systematic solicitation and 
collation of judgments on a particular topic through a set of carefully 
designed sequential questionnaires interspersed with summarized
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information and feedback of opinions derived from earlier responses 
(p. 10).
Linstone and Turoff (1975) define this technique in a similar fashion "as a method for 
structuring a group communication process so that the process is effective in allowing 
a group of individuals, as a whole, to deal with a complex problem" (p. 3). Finch 
and Crunkilton (1979) define the Delphi Technique as it applies to curriculum 
development and therefore of more pertinence to this study as consisting of: 
a series of interrogations of samples of individuals (experts) by means 
of mailed questionnaires. The focus is on some curricular content area 
in which each individual is knowledgeable (p. 132).
Utilizing the Delphi Technique
After reviewing the different techniques and strategies used in the development 
of curriculum content material it was judged by this researcher that the best 
alternative would be the Delphi Technique. The Delphi Technique lends itself to a 
number of variations which are basically determined by the objectives of the study. 
This characteristic allows for a wide range of uses for the strategy. Delphi has been 
used, as stated before, to forecast the future. It has also found application in the 
planning of long and short term projects of interest to governmental planning groups 
(Delbecq, et al., 1975). Some of these projects encompassed land uses and the 
projected problems associated with them such as taxes, pollution, population 
increases, and effects on agriculture.
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The Delphi Technique has also been used as an educational tool in order to 
keep respondents informed of current information prior to the data being available 
through normal publications (Delbecq, et al., 1975). Chacko (1975) showed how the 
Delphi could be used to project when the probability of an event such as the finding 
of a cure for cancer would take place. He also showed that it could be used to 
predict technological breakthrough better than guessing. Sutphin (1981) used the 
technique to determine how certain agricultural groups felt on selected national issues. 
Buriak and Shinn (1988) used this technique to determine agricultural education 
research missions, research initiatives important to their profession, and obstacles that 
were perceived to be present. Cyphert and Gant (1971) spoke of the Delphi 
Technique as being used with greater frequency in areas of education where analysis 
of probable future developments was essential for planning. Parker and Taylor (1980) 
used the Delphi as a strategy for determination of educational competencies needed in 
adult education curricula. Flanders (1988) used the Delphi Technique to determine 
what should be taught to agriculture students in the future in the area of nursery and 
landscaping.
Characteristics of the Delphi Technique
The Delphi Technique is a very versatile strategy, yet, certain aspects seem to 
be generic in all applications. Dalkey, (cited in Martino, 1972) explains these as 




3. Statistical ‘group response’ (p. 26)
Finch and Crunkilton (1979) give some resolution to the practical use of this 
technique using the generic elements of the strategy in a curriculum content 
application.
Since the respondents never meet face to face, the group is not biased 
by one individual’s outlook. Anonymity enables each respondent to be 
more thoughtful and creative. Several rounds of questionnaires are 
typically used. The initial questionnaire requests a list of content that 
each participant feels should be included in the curriculum. This is 
followed by a second round, with each participant receiving a list o f all 
opinions. The listing is reviewed and then each item is rated in terms 
of its importance to the curriculum. During the third round, 
participants are asked to review consensus ratings of items and, based 
upon the results, possibly revise their opinions. The fourth round 
provides participants with a chance to review updated consensus ratings 
and make final revisions (if any) to their individual ratings (p. 132).
The statistical element o f the technique is in the notion that a  consensus will be 
reached. Linstone and Turoff (1975) discuss consensus in Lockean theory as a form 
of philosophical truth, yet, the authors warn that although "consensus-oriented Delphi 
may be appropriate to technological forecasting" it may not be as precise in other 
areas, but could be used to "explore or generate alternatives” (p. 23). In the 
curriculum study model aforementioned, the consensus would take the form of content
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to be included in such a curriculum and the order of priority that each new content 
element would have. Buriak and Shinn (1988), used a frequency of 50% or more to 
determine consensus on Delphi items. Parker and Taylor (1980) attempting to clarify 
issues in the field of adult education reported consensus for some issues that were as 
low as 42% on certain controversial Delphi items. Flanders (1988) in a curriculum 
content study used interquartile ranges as a measure of central tendency or consensus. 
Using a five point Likert-type scale Flanders felt that consensus was reached when his 
respondents rated the items within a point of the group’s mean score.
However, in modified Delphi Techniques the lack of consensus on an item 
may be just as noteworthy as consensus. Linstone and Turoff (1975) state, 
we view both consensus and descensus on images of the future to be 
useful to understand. Consensus may increase the probability of—i.e., 
facilitate the process of reaching (or avoiding)—a particular future state 
of affairs, or increase the conviction that it will occur, but descensus 
points up where issues are likely to arise, where incipient problems 
may lurk, where more information may be needed, or where the fact of 
diversity must be acknowledged and taken into account (p. 435).
Respondent Groups In A Delphi
Delbecq, et al. (1975) state that "identifying available qualified people is a 
critical prerequisite for a successful Delphi" (p. 86). These same researchers felt that 
in order to have effective participation that respondents must:
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(1) feel personally involved in the problem of concern to the decision 
makers; (2) have pertinent information to share; (3) are motivated to 
include the Delphi task in their schedule of competing tasks; (4) feel 
that the aggregation of judgments of a respondent panel will include 
information which they too value and to which they would not 
otherwise have access (p. 87-88).
Linstone and Turoff (1975) state, "there are no general rules of thumb for creating 
panels." (p. 68). Even with this last statement it is evident to this researcher that 
reason and judgement must be a part of respondent designation. Delbecq, et al.
(1975) note that the respondent panel size varies. They also remark that in a 
homogenous group a sample size of ten to fifteen might be ample and that the new 
ideas generated beyond thirty respondents is not significant. Linstone and Turoff 
(1975) concur somewhat using 10 to 50 as the number of respondents useful for many 
types of Delphi studies. Cyphert and Gant (1970) noted that the size of the 
respondent groups sampled may be a function of the data that are sought. These 
researchers felt that the number of respondents whould increase (up to 400) if the data 
were purely of an opinion nature, while fewer respondents (50 or less) would be 
needed if  technical knowledge of some future happening was the goal.
Parker and Taylor (1980) used 123 respondents in their adult education study. 
Buriak and Shinn (1988) used 54 respondents while attempting to define the mission, 
initiatives and obstacles to research in agriculture education. Sutphin (1981) used 86 
panelists made up of agricultural educators to identify opinions held by certain sub­
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groups of agricultural educators. Flanders (1988) used 29 respondents to study future 
curriculum needs in the areas of nursery and landscape competencies needed by 
secondary agriculture curriculums. Thirty-one respondents came from the secondary 
plant science classroom, universities, and from the plant science industry. The 
respondent subgroups were approximately even in number as no one subgroup was 
felt to be of greater importance than any other subgroup.
Agriculture, specifically plant science, is a rapidly changing area of study 
whose importance can be seen as helping to feed a hungry world. Biological 
advances in plant science as noted in this literature review and as predicted by 
futurists are happening at an alarming rate and thus dictate curriculum updating to be 
a priority.
The distinct advantages of the Delphi Technique among curriculum 
development alternative techniques, are again enumerated in the following paragraph. 
The Delphi design lends itself to gathering of expert opinion without regard to time, 
distance, and budgetary constraints. The problems of dissimilar group interactions 
discussed above are controlled by anonymity in the Delphi process. This is germane 
to curriculum studies since curriculum development is best done using multilevel 
group inputs (Finch & Grunkilton, 1979).
C hapter 3 
Procedure and Methodology
Introduction
This study is classified as descriptive research using a modified Delphi 
technique. The Delphi Technique has been shown to be suited for this type of 
futuristic study (Delbecq, et al., 1975; Flanders, 1988; Linestone & Turoff, 
1975; Sutphin, 1981). The goal of this study was to identify the plant science 
concepts which should be included in the secondary agriculture curriculum of 
the future. It is the intent of this chapter to explain the procedures and 
methodology used in this study.
Population and Sample Selection
The target population of this study consisted of professional agriculturists 
working in the area of plant science in the United States. M ore specifically, 
the population included the following groups: innovative plant science teachers 
at the secondary level, innovative university plant scientists and innovative plant 
scientists working in industry. A purposive sample was selected consisting of 
approximately ten individuals from each of the three groups. The basis for 
selection of individuals was primarily on their reputation for innovativeness.
The actual sample consisted of 31 individuals. A sample size of 30 has been 
shown to be satisfactory regarding reliability concerns in Delphi studies 
(Dalkey, 1972; Delbecq, et al., 1975). Delbecq, et al. (1975) notes that ". . .
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was considered to be adequate for a broad exposure to new ideas. The methods used 
for selection of individuals is explained in Chapter 4.
Instrument Development
The initial questionnaire used in the study was a document which consisted of 
a simple Delphi question: "What concepts should be included in a secondary (high 
school) plant science curriculum of the future?" This question was validated using a 
panel of experts. The panel consisted of two agriculture teachers, two university level 
plant scientists and two plant scientists working in industry that were not part of the 
sample. This process helped to insure that the Delphi question was clear and that the 
initial instructions were understandable in written form. Based on suggestions from 
two validation panel members, an example of a concept was given to contrast it from 
a task.
Data Collection
In this study the researcher used three rounds of the Delphi in order to secure 
the data. Normally a Delphi consists of two or more rounds (Delbecq, et al. 1975), 
yet, an excessive number of rounds has been found to reduce response rate (Linstone 
& Turoff, 1975). In this study, Round 1 was used as a seed document to develop a 
list of concepts that plant scientists felt should be taught in the future at the secondary 
level. This list was then used to develop the instrument for subsequent rounds of the 
study.
The initial letter o f instruction (see Appendix A) and the validated Delphi 
question (see Appendix B) was sent to each respondent along with a return stamped
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envelope. The Delphi panel was asked to respond to the question within ten days. 
After the ten days had elapsed the researcher contacted the nonrespondents by 
telephone. The study was again described along with the estimated amount of time 
required for completion of the study. Nonresponding panelists were asked whether or 
not they felt that they could continue with the study at that time. This precautionary 
questioning allowed for a replacement panelist to be put into the study prior to 
Round 2.
An unavoidable delay caused by the Persian Gulf War accentuated the 
nonrespondent problem. The study was resumed after the delay with a letter of 
explanation (see Appendix C) and a post card (see Appendix D) as described in 
Chapter 4. It was finally determined that three of the initial panelists would not be 
able to complete the study. The process of choosing new panelists for the study and 
the reasons given by panelists that chose to leave the study are detailed in Chapter 4.
It was felt that no validity was lost because Round 1 actually served to have an expert 
panel develop and validate a seed document to be used in subsequent rounds of the 
Dephi study.
Round 2 contained all of the unique concepts from Round 1. Panelists were 
asked to rate these original concepts using a five point Likert-type scale of importance 









In Round 2, along with rating the importance of each concept, the respondents 
were asked to list additional concepts to be included in a plant science curriculum 
questionnaire. This activity allowed the synergistic effect characteristic of a Delphi 
study to come into play.
In the final round of this study each panelist received information on the 
importance rating that they had individually placed on each concept, as well as the 
panel’s mean rating. In addition, respondents were given the opportunity to add new 
concepts to the list. The questionnaire used in Round 3 was prepared using the initial 
concepts and those additional unique concepts identified in Round 2. Duplication was 
not as great a problem in preparing the second questionnaire. The researcher was 
easily able to discern uniqueness of the new concepts and add them to the 
questionnaire in Round 3. Once all the unique concepts were identified from Round 
2, the Round 3 questionnaire was prepared. The Round 3 document consisted of all 
unique concepts from previous rounds, and this questionnaire showed each panelist 
how he/she rated each concept by comparison to the panel’s mean score. In Round 3
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the panelists were asked to review all concepts again and defend their previous rating 
of a  concept if  it varied two or more rating points from the mean in Round 2. These 
concepts were identified to the individual respondents by an asterisk in an attempt to 
draw attention to the concept. Panelists were asked to respond to the concepts in this 
round using the instructions as follows:
•  For non-asterisk concepts: if  you do not wish to change your rating, no
action is necessary
•  For non-asterisk concepts: if  you wish to change your rating simply
circle the new rating in the appropriate column.
•  For the asterisk concepts: if you wish to change your rating closer to the 
mean simply circle the new rating in the appropriate column.
•  For asterisk concepts: if  you do not wish to change your rating please 
briefly comment as to why you feel your rating is most appropriate in the 
space provided under each concept.
In Round 3, panelists used the same five point Likert-type scale of importance as used 
in Round 2. This third and final round also asked for new concepts from the 
panelists. Appendices G and H contain the letter of instruction and the third 
questionnaire.
Analysis of Data
The data analysis in this study fell into three distinct areas as follows:
1. The actual concepts
2. The prioritizing of the concepts
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3. Measuring consensus on the importance rating of each concept 
The Actual Concepts
The primary data from this study are the plant science concepts that the panel 
felt should be incorporated into future plant science curricula at the secondary level. 
These concepts were gleaned from Rounds 1, 2, and 3. Concepts were screened for 
uniqueness and in some instances combined with other concepts for the sake of clarity 
and brevity. A university botanist was consulted by the researcher in order to reduce 
repetition and duplication. It should be noted that the researcher left some seemingly 
duplicate concepts in the study to accommodate the difference in background and 
training of the panelists. The new concepts of Rounds 1 and 2 were added to the 
study for the next round. Concepts added in Round 3 did not receive importance 
ratings from the panelists but are included in the final list of concepts.
The Prioritizing of the Concepts
The concepts themselves were prioritized by mean score for Round 2 and 
Round 3 using the data from the Likert-type importance scale. The mean score and 
standard deviation for each concept was reported for both Round 2 and Round 3, 
giving the concept with the smaller standard deviation priority where ties among 
concept means occurred; In order to interpret and describe the importance of the 
concepts the following interpretive scale was established:
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Mean Level of Importance
5.000 - 4.500 High importance
4.490 - 3.500 - Substantial importance
3.490 - 2.500 Moderate importance
2.490 - 1.500 Low importance
1.490 - 0.000 No importance
New concepts identified in Round 3 are listed separately from the other rated 
concepts.
Measuring Consensus on the Importance Rating of Each Concept
The importance rating of a concept was considered to have reached consensus 
when 51 % of the respondents rated the concept within one point of the median on the 
five point Likert-type scale of importance.
Chapter 4 
Panel Selection
This chapter describes in depth the process used in the selection of the Delphi 
panel used in this study. The decision was made to select individuals as panel 
members that met the following criteria:
1. Nationally prominent plant scientists
2. Innovators in the field of plant science
3. Individuals that would agree to participate in this type of study
4. Having a diversity of plant science specialization 
These plant scientists fell into three groups:
Secondary plant science teachers/scientists
University plant scientists
Plant scientists working in industry 
Selection of Secondary Plant Science Teachers
The secondary plant science teachers/scientists, were selected from the 1989, 
1988 and 1987 national agriscience teacher award winners. This group represented a 
population of 36 teachers. As this group was exhausted national and regional finalists 
were selected. Throughout the selection process the most current winners and the 
highest level of award were sought. The teachers selected also had plant science as 
one of their areas of expertise. Regional diversity was sought in selecting these panel 
members along with their willingness to participate in the study. The teachers 
targeted for selection were contacted by telephone using lists of the names, addresses
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and phone numbers provided by the National Future Farmers of America Foundation. 
These selected teachers were contacted by telephone over a period of approximately 
one week. The study was explained to each prospective panelist along with the
amount of time estimated to complete the three Delphi rounds of the study. Through 
this process the following subgroups were selected.
Subgroup Level of Award Year Region
National Winner 1989 East
National Winner 1988 West
National Winner 1987 West
National Finalist 1989 South*
National Finalist 1989 West
National Finalist 1989 Central*
National Finalist 1988 East
National Finalist 1988 Central
Regional Winner 1987 Central
Regional Winner 1987 South
Two of the originally selected participants later chose not to participate after the study 
was delayed for approximately one year due to the researchers absence during the 
Persian Gulf War. They did participate in the development o f the seed document, 
Round 1. The researcher felt that replacement teachers could be enlisted in the study 
at this point without reducing the validity of the study. Two replacements were 
selected as shown below using a similar method as explained previously.
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Subgroup Level of Award Year Region
National Winner 1989 Central
National Winner 1987 South
Selection of University Plant Scientists
In selecting the plant scientists from the universities a multiple nomination 
technique was used. To begin the nomination process, five university plant scientists 
from Louisiana State University were asked for nominations. This initial group of 
plant scientists was made up of two agronomists, one of whom was a soil scientist, 
one horticulturalist, one botanist, and one plant pathologist. These individuals were 
asked to nominate ten or more innovative university plant scientists who were 
visionary in their outlook, being teachers and/or researchers that represented the 
cutting edge in the field of plant science. They were also asked to list full names, 
current addresses, phone numbers and area of expertise (see Appendix I and Appendix
J).
The five Louisiana State University plant scientists nominated 46 university 
plant scientists nationwide. A letter was sent to these initial nominees asking them to 
nominate ten or more of their colleagues who were innovative individuals visionary in 
general outlook that were involved in teaching and/or research on the cutting edge in 
the field o f plant science. These individuals were also given the option of nominating 
themselves. This letter also asked for the area of expertise of the nominees (see 
Appendix K). After approximately 30 days, 14 of the 46 initial nominees had
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responded with nominations. A second letter was sent to the 32 nonrespondents (see 
Appendices L, K, and J). At 60 days after the initial letters were sent, 208 
nominations were made from university plant scientists. At the 120 day mark, 27 of 
the 46 or 58.7% of the initial nominees had responded with 289 nominations. Thirty- 
one of the nominees received multiple nominations. This was further broken down as 
follows: two individuals received four nominations; seven individuals received three 
nominations; and twenty-two individuals received two nominations each.
The criteria for choosing panel members from this group was to select 
individuals with multiple nominations from their peers. A knowledge or interest in 
secondary school plant science and a willingness to participate in such a curriculum 
study was of utmost importance as determined by a telephone conversation. Diversity 
in a specialized area of plant science was also a consideration. The individuals 
targeted by the nomination process were telephoned over a ten day period. If the 
individual was not able to be contacted within five attempts the researcher moved to 
the next person on the list. As a potential panelist was contacted they were asked 
about their knowledge of and interest in secondary plant science and the study was 
described along with an estimate of the time required to complete all phases o f the 
study. O f the nominees contacted three declined due to time constraints and two 
could not be contacted due to recent address changes. Based on the previously stated 
criterion and each individual telephone conversation, the following individuals were 
selected and agreed to be panel members in the study. In the following table the
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geographic region and the area of expertise for each panelist has been noted along 
with the number of nominations received.
Geographic Region Area of Expertise No. of Nominations
Midwest Genetics/ Tissue Cult. 4
Midwest Plant Pathology/Teaching 4
East Plant Biotechnology 3
Northeast Plant Physiology 3
Southeast Agronomy (Plant Breeding) 3
Midwest Sustainable Agriculture 2
West Space Plant Physiology 2
Southeast Soils 2
Northeast Plant Molecular Biology 2
Southeast Horticulture (Pomology) 2
Selection of Plant Scientists Working in Industry
The multiple nomination technique used to identify university plant scientists 
was also used in nominating plant scientists that work in industry. This group of 
plant scientists was much more difficult to locate as a separate entity. The 
nomination process was begun by sending ten letters to plant scientists working in 
industry. These first ten names and addresses were gleaned from popular scientific 
journals and magazines along with helpful suggestions by graduate committee 
members and university plant scientists. These letters requested the names, current 
addresses and phone numbers of ten or more plant scientists working in industry. It 
was asked that these nominations be made from innovative individuals who were
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visionary in their general outlook, involved in teaching and/or research, production, 
or some other area that represented the cutting edge of the plant science field (see 
Appendices M and N).
It was determined that some of the initial nominations were both from the 
universities and industry, without respect to the group that nominated them. Industry 
and university addresses were used to sort these plant scientists into their 
predesignated group.
Ten of the nominations made by the initial university plant scientists were 
determined to be plant scientists working in industry. These nominations were 
contacted by mail as the initial plant scientists working in industry were asked to 
make ten or more nominations also. This gave a total of 20 plant scientists working 
in industry that were initially contacted by mail and asked for nominations. This 
group of initial nominators was told that they could also nominate themselves if they 
so chose.
Thirteen industry plant scientists responded after approximately 30 days 
producing 72 nominees. A second letter was sent to the seven nonresponding industry 
plant scientist (see Appendices O, M, and N).
The disparity between initial size o f nominating groups seemed to cause a 
much lower number of nominees among industry plant scientists. In order to increase 
the base for nominating plant scientists from industry, the Cooperative Extension 
Service plant science specialists were asked to make nominations. This was 
accomplished in the following manner.
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From each state the name and address of one plant science specialist was 
selected alternating between the first agronomist and first horticulturalist listed in the 
United States Cooperative Extension Agent Directory. These 50 extension plant 
scientists were contacted by mail and asked to nominate industry plant scientists that 
they felt were innovative leaders in their field (see Appendices P and N). In the first 
30 days only ten extension specialists responded. A second letter was sent to the 
nonrespondents (see Appendices Q, P, and N).
After approximately 120 days, 15 of the 20 or 75 % of the initial plant 
scientists working in industry had responded. During this same 120 day period, 23 of 
the 50 or 46% of the extension specialists responded with nominations. The 
nominations of initial plant scientists working in industry and the extension plant 
scientists were combined to produce a list of 182 nominated plant scientists working 
in industry. Twelve individuals received multiple nominations. These were further 
broken down as follows: one received five nominations; two received four 
nominations; one received three nominations; eight received two nominations.
The criteria for choosing panel members from this group was to select 
individuals with multiple nominations from their peers. A knowledge or interest in 
secondary school plant science and a willingness to participate in such a curriculum 
study was again of utmost importance. Diversity in a specialized area of plant science 
was also a consideration. The individuals targeted by the nomination process were 
contacted by telephone over a ten day period. This accounted for approximately 47 
calls with as many as seven attempts to contact one individual. As a potential panelist
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was contacted they were asked about their knowledge of and interest in secondary 
plant science. The study was described along with an estimate of the time required to 
fill out the three questionnaires. Based on the previously stated criterion and each 
individual telephone conversation, the following individuals were selected and agreed 
to be panel members in the study. Of the nominees contacted three declined due to 
time constraints and work loads. In the table below the geographic region, area of 
expertise and number of nominations are shown.
Geographic Region Area of Expertise No. of Nominations
Midwest Plant Genetics 5
West Tissue Culture 4
Midwest Plant Transformations 4
South Commercial Nurseryman 2
Northeast Plant Molecular Biologist 2
Midwest Fungal Genetics 2
Midwest Agronomic Research (Genetics) 2
West Plant Genetics 2
Midwest Plant Science Research 2
Midwest Farmer (Fruit Production) 1
Northwest Farmer (Seed and Grain) 1
One panelist later chose not to continue the study after the study was delayed. This 
panelist did participate in the development of the seed document. It was felt that a 
replacement panelist was not necessary since 11 panelists remained in this group and 
he had only participated in the development of the seed document.
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The two farmers were nominated by extension specialists. The researcher felt 
that their participation was vital to the validity of the study since these two individuals 
held expertise in two very diverse areas of production plant science.
Chapter 5 
Findings of the Study
The purpose of this study was to determine the plant science concepts which 
should be taught in secondary agriculture programs of the future as perceived by 
innovators in the field of plant science.
The specific objective was to determine futuristic subject matter needs at the 
secondary level in the area of plant science as perceived by innovative representatives 
from university plant scientists, plant scientists from industry and secondary 
agriculture teachers.
Results of Round 1
The initial questionnaire of this Delphi study (see appendix J) resulted in the 
acquisition of 299 plant science concepts from 29 respondents out of 32 initial panel 
members. Each of the three groups had one nonrespondent. Two of the three 
nonrespondents cited time constraints and work schedules as reasons for their lack of 
participation. The third nonrespondent missed the deadline given in the instructional 
letter for Round 1 and, therefore, felt that submission of concepts could be done in 
Round 2.
In Round 1 a total of 299 concepts were identified; 98 concepts from Group I 
(secondary plant scientist), 92 concepts from Group II (university plant scientists) and 
109 concepts from Group III (plant scientists working in industry). These 299 
concepts were reviewed by the researcher and a university plant scientist, not on the
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panel, in order to reduce duplication. The final number of unique concepts was 
determined to be 173 as listed in Table 1.
Some seemingly duplicate concepts were left in from the seed document in 
Round 1. This was deliberately done by the researcher in order to accomodate the 
different backgrounds, training, geographical locations and individual perceptions of 
the nation-wide respondent pool. Certain concepts could be looked at in several 
different ways and therefore were left in the questionnaire if there were any doubts 
about their meaning or focus. In some instances individual concepts were reworded 
or combined with other similar concepts. The respondents were asked to comment on 
this and the study in general in Rounds 2 and 3 especially if they felt that their 
concepts had been compromised. Few comments were made in Round 2. Some 
clarifications were made on concepts in Round 3 using these comments (see 
Appendix R).
Table 1
Plant Science Concepts Identified bv Panel in Round 1
No. Concept
1. Scientific method of research
2. The role of higher plants in the living world
3. Definition of a plant both broad and narrow
4. The study of plant science as an essential preparation for responsible 
citizenship, no matter what vocation is pursued in later life
(table continues)
Table 1 (continued) 62
No. Concept
5. An awareness of plant domestication, plant breeding, production and 
harvest as processes necessary for a member of a democratic society to 
make informed decisions
6. Exposure of students to the many subsciences involved in plant science 
such as ecology, genetics, pathology, along with climatology, geology, 
oceanography, physics, statistics, chemistry, weather, entomology, etc. . . . 
and examples as to how these impact everyone’s daily lives
7. Occupations in plant science research
8. The relationship between agriculture and plant science
9. Plants having a broad range of phenotypes, from single cell to highly 
differentiated multicellular organisms
10. Botanical knowledge as available in gardens, vacant lots and along 
roadsides, as well as in laboratories, green houses and nature preserves
11. Field trips: taxonomic, agricultural, and biotechnical
12. Laboratory and field studies of plants as complementary, with both being 
essential
13. In advanced programs the use of projects that combine concepts across 
other sciences ie., physics, chemistry and plant science and using science 
fairs as part of the curriculum
14. The advancement of biotechnology: its past, present, and future effects on 
plants
15. What makes a plant different: unity through sporophyte and gametophye 
relationship
16. Seeds as a means for packaging high technologies (potential of putting all 
of a plant’s information in a few cells
17. Knowledge of plant physiology: whole plant, organismal and cellular, as 
essential for understanding of plant breeding, genetics, evolution, molecular 
biology, and ecology of plants
18. The vegetative and reproductive growth and development of a plant
19. Growth and development through morphology, anatomy, biochemistry, and 
molecular processes
(table continues)
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No. Concept
20. Classification of plants by life cycle
21. Classification of plants in the classical botanical manner
22. The concept of limiting factors as it pertains to plants
23. Plant growth requirements
24. Influence of temperature on plant processes of hardening, vernalization, 
growth, and flowering
25. Comparing and contrasting growth patterns of herbaceous annuals and 
perennials
26. Growth media as a plant growth regulator
27. Hydroponics and plant growth (in an applied sense)
28. Biological competitors of useful plants
29. The effect of diseases and pathogens on the plant community
30. Action of herbicides
31. Plant responses to stress (heat, cold, wounding, etc.)
32. Osmosis in plants (as a basic fundamental process)
33. The role of the plant cell wall in plant defense
34. Stored carbohydrates as energy reserves
35. Root, flower, leaf, and stem differentiation as distinct developmental 
processes
36. Phytochrome control of plant processes
37. Using electrophoresis for plant finger printing, biochemistry, and molecular 
processes
38. Plants as chemical factories producing natural products
39. Plant meristems as plant "primordia"
40. Chemical communication in plants (hormones, plant-microorganism 
interactions, etc.)
41. Immune response mechanism in plants
(table continues)
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No. Concept
42. Circadian rhythms and control of plant processes
43. Shared fundamental biochemical processes common to plants and other 
living organisms: nucleic acid chemistry, respiration, etc.
44. Plant products tied in with structure/function/physiology (ie. wood-tensile 
strength of cell wall, theories of xylem stream, xylem differentiation
45. Specialized processes of plants: photosynthesis, lignin, carbohydrate 
chemistry, terpenoids, etc.
46. Plants and light: photosynthesis, photo periodism, plant movements
47. Concepts of structural organization: organelle, cell, tissue, organism
48. Bioassay as an investigative approach
49. Photoperiod and timekeeping in plants
50. Plant response to external stimuli
51. Phytoalexins as defense mechanisms
52. Membranes as regulators of plant behavior
53. Cell wall as a "skeleton"
54. Vacuole as an "excretory system"
55. Vascular transport as a "push-pull" mechanism
56. Evolution in plants, an on-going process
57. Evolution: to understand the basis of diversity over time
58. Plant evolution and plant breeding as affected by human activities
59. Directed and random causes of evolution in plants
60. Plant survival strategies—related to life cycle, structure, and physiology to 
adaptation to deserts, swamps, and cold northern latitudes
61. Molecular biology as a tool to study evolutionary changes and to predict 
possible future directions in plant evolution
62. Flowers: symbiosis, interdependency and coevolution
63. Insect-plant interactions in morphogenesis
(table continues)
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64. Microbe-plant interactions in morphogenesis
65. Pathological plant/microbe interactions
66. Organelles as possible survivors of ancient microbial invaders
67. Plasmids as semiautonomous
68. Polyploidy as an adaptive mechanism
69. Plant reproduction mechanisms (sexual and asexual)
70. Classical and molecular genetics and the fundamentals of heredity: DNA, 
chromosomes, genes, relocation, proteins, RNA, Mendelian segregation, 
Dominance vs recessive, linkage maps (RFLP), etc.
71. Concept of "one gene one enzyme"
72. Concept of polyploidy: tetra and hexaploidy (e.g. wheat and tobacco)
73. The maintenance of variation in plants: effect on any ecosystem and 
searches for new drugs, pesticides, germplasim, etc.
74. Microbial genetics
75. Natural gene transfer and genetic engineering by microbes (e.g. 
Agrobacterium in Crown gall)
76. Transposable elements (maize kernel examples of this natural genetic 
modification)
77. Molecular biology as a powerful tool for elucidating gene function
78. Quantitative genetics as compatible with molecular genetics, and susceptible 
to study with the tools of molecular genetics
79. DNA as a master blueprint for plant cell instructions
80. Totipotency of plant cells as generators of whole plants
81. Plant regeneration from protoplasts and single cells
82. Plant embryogenesis
83. Plants and biodiversity of form and function
84. Plant cell and tissue culture in biology and the economics involved
(table continues)
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85. Cloning (asexual reproduction) as a means of maintaining uniform seed 
stock (as in sugarcane and sweet potatoes)
86. Plant cell transformation technologies
87. Molecular aspects of gene engineering and transfer
88. Use of mutants in describing and understanding controls of plant 
development
89. Environmental affect on phenotype using "fast plant" to observe 
quantitative and population biology simultaneously
90. Disease and insect resistant cultivars
91. Winter hardiness of fruit tree buds
92. Rootstocks with disease, insect, and nematode resistance
93. Producing dwarf fruit trees
94. Agricultural propagation of plants: grafting and cuttings
95. Plants and the atmosphere
96. Importance of photosynthesis to plants and the rest of our world as we 
know it
97. Respiration: producer of energy and recycling of carbon
98. The importance of water-photolysis and evapotranspiration
99. Transpiration: why and how much
100. Micrometerology of the plant canopy
101. Energy changes during photosynthesis and respiration and their effects on 
the plant and environment
102. Climatic influences on crop production
103. The biochemistry of photosynthesis vs respiration
104. Gas storage or controlled atmosphere storage of horticultural and other 
crops
105. The importance of marine algae as producers of oxygen and biomass
(table continues)
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106. Plant and soil relationship: nutrients and water recycling
107. Soil: as having a water holding capacity
108. The role of organic matter, clay particles (colloids) as related to water 
holding capacity and cation exchange capacity
109. Legume integration as a nitrogen source
110. Symbiosis or mutualism: root colonization of bacteria and fungi i.e. 
nitrogen fixation and mycorrhiza
111. Soil microbial activity as it relates to the recycling of elements
112. Plants as recyclable resource producers
113. Nutrient removal from soil during plant harvest
114. Soil (geologic) source of nutrients
115. Soils as moderating influences of climate
116. Process of soil formation and structure
117. Herbicide movement in soils
118. Macro and micro nutrients as plant requirements and their associated 
deficiencies
119. Plant nutrient deficiencies determined by tissue testing and visual symptoms
120. Nutrients in the rooting environment: available and unavailable
121. Soil testing for nutrient recommendations
122. Impact of plant composition on animal consumers (protein, mineral 
balance, etc.)
123. Decomposition of plant remains (leaves, logs, stems)
124. Relationship between soil pH and nutrient uptake by plants
125. Commercial fertilizer and lime as they relate to plant production
126. Run off water as fertilize
127. Surface and ground water quality as it affects plants and is affected by 
plants
(table continues)
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128. Concept of water conservation in existing tillage operations
129. Irrigation as it affects plants and soils
130. Solar energy and its transduction in plants
131. Plants as a source of food/energy/fiber
132. Secondary metabolites as food, medicine, and polymer sources
133. Environmental plant ecology
134. Ecology: to understand interdependence in the present and the future
135. Explain Shelford"s laws (Law of Tolerance)--the geographic or local range 
of any species is limited by the fluctuation of a single factor or factors 
beyond the limit tolerated by that particular species
136. Taxonomy as a method for classifying plants according to relationship
137. Ethics and the environment: Use of herbicides and weed tolerant plants, 
used of insecticides and insect resistant plants, and the use of fungicides 
and fungi resistant plants
138. Ecology as a study of plant/plant (one sense) interrelationships in an on­
going, evolutionary sense
139. Explain the factors affecting ecological succession
140. Implications of plant habitat destruction
141. Land capabilities and capacity as it relates to food and fiber production
142. Utilizing plants for providing human welfare while also conserving the 
landscape as an aesthetically pleasing, healthful, and ecologically sound 
environment
143. Groundwater protection and techniques to remedy groundwater 
contamination
144. Symbiotic characteristics of agronomic crops
145. Eutrophication and wetland ecosystems
146. Sustainable production of food plants
147. Sustainable agriculture/horticulture as a resource efficient system
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148. The use of chemicals in plant production
149. Proper techniques for organic farming
150. Livestock waste as an organic fertilizer
151. No-till as an erosion control tool
152. Consequences of continuous cropping of highly erodible land
153. Hydroponics as a cropping means on nontillable land
154. Integrated pest management system as man-made landscapes
155. Biological alternatives to pesticides
156. Controlling insects and some diseases with insect predators
157. Use of new powerful pesticides, systemic pesticides and monitoring their 
presence in foods
158. Plants as a vital part of a larger community of organisms on this planet 
which are critically inter-dependent upon each other and must be studied 
together in that context
159. Specialty plant products for food safety (being able to produce food with 
chemicals and fertilizers)
160. Biogas from biomass
161. Incorporation of "Third World" crops for disease and drought prevention 
measures
162. Plants and pollution: as indicators, controls, and associated with 
phytotoxicity
163. The role of fire in the plant communities
164. Use of computer aided drafting systems
165. Computerized record keeping systems
166. Impact of computers and telecommunications on plant science
167. Farm forestry benefits
168. Concept of set-aside land for wildlife conservation
(table continues)
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169. Alternative crops for new marketing
170. National farm policy and consequential planning
171. Agri-marketing as effected by war, politics, and embargoes
172. Agricultural diversification especially in third world countries
173. Agriculture economics: who is feeding the world, who is not, and what 
and what are the problems of "Third World" agriculture economics as 
addressed by explaining the range of views and their basis being in belief 
or fact
Results of Round 2
As this research was, after the aforementioned delay, resumed a letter (see 
Appendix C) and self addressed stamped postcard (see Appendix D) was sent to each 
of the 32 respondents explaining this long period of inactivity and asking whether they 
would consent to remaining in the study. The results of this inquiry as stated in 
Chapter 4 required the addition of two new secondary plant scientists to replace the 
loss of two participants. All of the original university plant scientists remained in the 
study. One plant scientist working in industry declined to remain on the panel, but, 
since plant scientists working in industry were initially the largest group with 12 
members, the reduction to 11 was considered not to be a threat to the validity of the 
study. Since the group changes occurred before Round 2 and many Delphi studies 
use a separate panel for instrument development the researcher felt that the changes 
did not substantially affect the validity of the research. Going into Round 2, the panel 
consisted of 10 secondary plant science teachers, 10 university plant scientists, and 11 
plant scientists working in industry.
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All 31 respondents completed and returned the questionnaire in Round 2. 
Presented in Table 2 are the means and standard deviations (in descending order of 
the mean importance rating) for the concepts from Round 2.
In interpreting the data, the following interpretive scale was established:
Mean Level of Importance
5.000 - 4.500 High importance
4.499 - 3.500 Substantial importance
3.499 - 2.500 Moderate importance
2.499 - 1.500 Low importance
1.499 - 0.000 No importance
Using this interpretive scale 2 concepts were rated of high importance, 99 concepts 
were rated of substantial importance, and 72 were rated of moderate importance. No 
concepts were rated in the low importance or no importance category. The two 
concepts which were rated the highest in this round were "Scientific method of 
research" and "Plants as a source of food/fiber" with importance ratings of 4.710 
(sd=.529) and 4.500 (sd =  .731) respectively. The concepts receiving the lowest 
rating, yet still in the moderate importance category were "Computerized record 
keeping systems","Biogas from biomass", and "Use of computer aided drafting 
systems" with mean ratings of 2.724 (sd= 1.290), 2.700 (sd=.988), and 2.533 
(sd = 1.008) respectively.
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Table 2
Round 2 Mean Ratings of Plant Science Concepts
No. Concept X SD
1. Scientific method of research 4.710 .529
2. Plants as a source of food/energy/fiber 4.500 .731
3. The role of higher plants in the living world 4.452 .810
4. Plants and light: photosynthesis, photo periodism, 
plant movements
4.419 .720
5. Importance of photosynthesis to plants and the rest 
of our world as we know it
4.419 .848
6. Respiration: producer of energy and recycling of 
carbon
4.355 .755
7. DNA as a master blueprint for plant cell 
instructions
4.355 .798
8. The vegetative and reproductive growth and 
development of a plant
4.290 .783
9. Classical and molecular genetics and the 
fundamentals of heredity: DNA, chromosomes, 
genes, replication, proteins, RNA, Mendelian 
segregation, Dominance vs recessive, linkage maps 
(RFLP), etc.
4.290 .864
10. Knowledge of plant physiology: whole plant, 
organismal and cellular, as essential for 
understanding of plant breeding, genetics, 
evolution, molecular biology, and ecology of 
plants
4.258 .682
11. Plant reproduction mechanisms (sexual and 
asexual)
4.194 .980
12. Biological alternatives to pesticides 4.100 .923
13. Ecology: to understand interdependence in the 
present and the future
4.097 .790
(table continues)
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14. Concepts of structural organization: organelle, 
cell, tissue, organism
4.097 .831
15. The advancement of biotechnology: its past, 
present, and future effects on plants
4.097 .870
16. Growth and development through morphology, 
anatomy, biochemistry, and molecular processes
4.097 .908
17. Evolution: to understand the basis of diversity 
over time
4.067 .785
18. Sustainable production of food plants 4.065 m i
19. Plant growth requirements present and the future 4.065 .964
20. The relationship between agriculture and plant 
science
4.065 .998
21. Evolution in plants, an on-going process 4.032 .836
22. Plant and soil relationship: nutrients and water 
recycling
4.000 .830
23. The effect of diseases and pathogens on the plant 
community
3.986 .752
24. Specialized processes of plants: photosynthesis, 
lignin biosynthesis, carbohydrate chemistry, 
terpenoids, etc.
3.968 .795
25. Molecular biology as a powerful tool for 
elucidating gene function
3.968 .875
26. Shared fundamental biochemical processes 
common to plants and other living organisms: 
nucleic acid chemistry, respiration, etc.
3.968 .912
27. Sustainable agriculture/horticulture as a resource 
efficient system
3.968 .912
28. Plants as a vital part of a larger community of 
organisms on this planet which are critically inter­
dependent upon each other and must be studied 
together in that context
3.968 .948
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29. Definition of a plant broad and narrow 3.903 1.031
30. Solar energy and its transduction in plants 3.967 .928
31. Plant evolution and plant breeding as affected by 
human activities
3.903 .908
32. Laboratory and field studies of plants as 
complementary, with both being essential
3.903 1.004
33. Plant responses to stress (heat, cold, wounding, 
etc.)
3.900 .759
34. Plants as recyclable resource producers 3.900 .923
35. Disease and insect resistant cultivars 
developmental processes
3.871 .806
36. Plant survival strategies—related to life cycle, 
structure, and physiology to adaptation to deserts, 
swamps, and cold northern latitudes
3.871 .806
37. Root, flower, leaf, and stem differentiation as 
distinct developmental processes
3.871 .922
38. Influence of temperature on plant processes of 
hardening, vernalization, growth, and flowering
3.871 .922
39. Land capabilities and capacity as it relates to food 
and fiver production
3.871 .957
40. Ethics and the environment: Use of herbicides and 
weed tolerant plants, use of insecticides and insect 
resistant plants, and the use of fungicides and 
fungi resistant plants
3.871 .957
41. Climatic influences on crop production 3.839 .820
42. The use of chemicals in plant production 3.839 .898
43. Transpiration: why and how much 3.839 .969
44. The biochemistry of photosynthesis vs respiration 3.839 .969
(table continues)
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45. Exposure of students to the many subsciences 
involved in plant science such as ecology, 
genetics, pathology, along with climatology, 
geology, oceanography, physics, statistics, 
chemistry, weather, entomology, etc. . . . and 
examples as to how these impact everyone’s daily 
lives
3.839 1.053
46. Legume integration as a nitrogen source 3.833 .874
47. Soil (geologic) source of nutrients 3.833 .950
48. Macro and micro nutrients as plant requirements 
and their associated deficiencies
3.833 .950
49. Plant regeneration from protoplasts and single cells 3.806 .749
50. Plants and the atmosphere 3.806 .946
51. Utilizing plants for providing human welfare while 
also conserving the landscape as an aesthetically 
pleasing, healthful, and ecologically sound 
environment
3.806 .980
52. Irrigation as it affects plants and soils 3.800 .887
53. Plant embryogenesis 3.774 .805
54. Field trips: taxonomic, agricultural, and 
biotechnical
3.774 .845
55. The importance of water-photolysis and 
evapotranspiration
3.774 .956
56. Symbiosis or mutualism: root colonization of 
bacteria and fungi i.e. nitrogen fixation and 
mycorrhiza
3.767 .817
57. Controlling insects and some diseases with insect 
predators
3.742 .930
58. Action of herbicides 3.733 1.015
59. Directed and random causes of evolution in plants 3.710 .824
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60. An awareness of plant domestication, plant 
breeding, production and harvest as processes 
necessary for a member of a democratic society to 
make informed decisions
3.710 .938
61. Secondary metabolites as food, medicine, and 
polymer sources
3.700 .951
62. Nutrient removal from soil during plant harvest 3.700 .952
63. Implications of plant habitat destruction 3.677 .909
64. Plant response to external stimuli 3.677 .945
65. Integrated pest management system as man-made 
landscapes
3.677 .979
66. Molecular aspects of gene engineering and transfer 3.677 1.1013
67. Totipotency of plant cells as generators of whole 
plants
3.677 1.061
68. The maintenance of variation in plants: effect on 
any ecosystem and searches for new drugs, 
pesticides, germplasm, etc.
3.645 .877
69. Flowers: symbiosis, interdependency and 
coevolution
3.645 .815
70. Classification of plants by life cycle 3.645 1.018
71. Plants as chemical factories producing natural 
products
3.613 .803
72. Explain the factors affecting ecological succession 3.613 .803
73. Use of mutants in describing and understanding 
controls of plant development
3.613 .919
74. Seeds as a means for packaging high technologies 
(potential of putting all of a plant’s information in 
a few cells)
3.613 1.145
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76. Agricultural economics: who is feeding the world, 
who is not, and why and what are the problems of 
"Third World" agriculture economics as addressed 
by explaining the range of views and their basis 
being in-belief or fact
3.613 1.145
77. Environmental plant ecology 3.581 .848
78. Plant cell transformation technologies 3.581 .848
79. Chemical communication in plants (hormones, 
plant-microorganism interactions, etc.)
3.581 .848
80. Classification of plants in the classical botanical 
manner
3.581 .958
81. Cloning (asexual reproduction) as a means of 
maintaining uniform seed stock (as in sugarcane 
and sweet potatoes)
3.581 .992
82. Photoperiod and timekeeping in plants 3.581 1.025
83. Impact of plant composition on animal consumers 
(protein, mineral balance, etc.)
3.567 1.006
84. Relationship between soil pH and nutrient uptake 
by plants
3.567 1.135
85. Natural gene transfer and genetic engineering by 
microbes (e.g. Agrobacterium in Crown gall
3.548 .88
86. The study of plant science as an essential 
preparation for responsible citizenship, no matter 
what vocation is pursued in later life
3.548 1.028
87. National farm policy and consequential planning 3.548 1.091
88. Surface and ground water quality as it affects 
plants and is affected by plants
3.533 .971
89. Commercial fertilizer and lime as they relate to 
plant production
3.533 1.074
90. Osmosis in plants (as a basic fundamental process) 3.533 1.060
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91. Energy changes during photosynthesis and 
respiration and their effects on the plant and 
environment
3.516 .811
92. Plants and biodiversity of form and function 3.516 .851
93. Alternative crops for new marketing 3.516 .890
94. Symbiotic characteristics of agronomic crops 3.516 .890
95. Groundwater protection and techniques to remedy 
groundwater contamination
3.516 .912
96. Molecular biology as a tool to study evolutionary 
changes and to predict possible future directions in 
plant evolution
3.516 .912
97. Rootstocks with disease, insect, and nematode 
resistance
3.516 1.029
98. In advanced programs the use of projects that 
combine concepts across other sciences i.e., 
physics, chemistry and plant science and using 
science fairs as part of the curriculum
3.500 .938
99. Plants having a broad range of phenotypes, from 
single cell to highly differentiated multicellular 
organisms
3.500 .938
100. Botanical knowledge as available in gardens, 
vacant lots, and along roadsides, as well as in 
laboratories, greenhouses and nature preserves
3.500 1.009
101. Concept of water conservation in existing tillage 
operations
3.500 1.075
102. Taxonomy as a method for classifying plants 
according to relationship
3.484 .962
103. Phytochrome control of plant processes 3.484 .851
104. Concept of "one gene one enzyme" 3.484 1.061
105. Biological competitors of useful plants 3.467 .730
(table continues)
Table 2 (continued) 79
No. Concept X SD
106. The concept of limiting factors as it pertains to 
plants
3.467 .730
107. What makes a plant different: unity through 
sporophyte and gametophye relationship
3.467 1.008
108. Process of soil formation and structure 3.467 1.106
109. Pathological plant/microbe interactions 3.452 .850
110. Membranes as regulators of plant behavior 3.452 .888
111. Consequences of continuous cropping of highly 
erodible land
3.452 .995
112. Occupations in plant science research 3.452 1.150
113. Soil testing for nutrient recommendations 3.433 1.251
114. Quantitative genetics as compatible with molecular 
genetics, and susceptible to study with the tools of 
molecular genetics
3.419 .765
115. The role of the plant cell wall in plant defense 3.419 .807
116. Plant products tied in with 
structure/function/physiology (i.e. wood-tensile 
strength of cell wall, theories of xylem stream, 
xylem differentiation
3.419 .807
117. Insect-plant interactions in morphogenesis 3.419 .866
118. Environmental affect on phenotype using "fast 
plant" to preserve quantitative and population 
biology simultaneously
3.419 1.089
119. Ecology as a study of plant/plant (one sense) 
interrelationships in an on-going, evolutionary 
sense
3.387 .882
120. Plant cell and tissue culture in biology and the 
economics involved
3.387 .955
121. Plant meristems as plant "primordia" 3.367 .928
122. Soil: as having a water holding capacity 3.367 .964
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123. Decomposition of plant remains (leaves, logs, 
stems)
3.367 .999
124. Stored carbohydrates as energy reserves 3.355 .839
125. Plant nutrient deficiencies determined by tissue 
testing and visual symptoms
3.333 1.028
126. Incorporation of "Third World" crops for disease 
and drought prevention measures
3.323 1.013
127. Concept of set-aside land for wildlife conservation 3.323 1.013
128. Soil microbial activity as it relates to the recycling 
of elements
3.300 .988
129. Cell wall as a "skeleton" 3.300 .988
130. Plants and pollution: as indicators, controls, and 
associated with phytotoxicity
3.290 .824
131. Microbe-plant interactions in morphogenesis 3.290 .824
132. Microbial genetics 3.290 .902
133. Eutrophication and wetland ecosystems 3.290 .938
134. Use of new powerful pesticides, systemic 
pesticides and monitoring their presence in foods
3.290 .973
135. Nutrients in the rooting environment: available 
and unavailable
3.267 .868
136. The role of organic matter, clay particles (colloids) 
as related to water holding capacity and cation 
exchange capacity
3.267 1.048
137. Herbicide movement in soils 3.267 1.230
138. Vascular transport as a "push-pull" mechanism 3.258 .965
139. Winter hardiness of fruit tree buds 3.258 1.032
140. Comparing and contrasting growth patterns of 
herbaceous annuals and perennials
3.226 .884
141. Vacuole as an " excretory system" 3.226 .956
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142. Transposable elements (maize kernel examples of 
this natural genetic modification)
3.194 .946
143. Specialty plant products for food safety (being able 
to produce food with chemicals and fertilizers)
3.172 1.197
144. Soils as moderating influences of climate 3.167 .834
145. Phytoalexins as defense mechanisms 3.129 .806
146. Micrometerology of the plant canopy 3.129 .991
147. Circadian rhythms and control of plant processes 3.129 1.056
148. No-till as an erosion control tool 3.129 1.056
149. Immune response mechanism in plants 3.129 1.118
150. Agriculture diversification especially in third world 
countries
3.129 1.231
151. Proper techniques for organic farming 3.100 1.213
152. Bioassay as an investigative approach 3.065 1.093
153. Producing dwarf fruit trees 3.032 1.169
154. Polyploidity as an adaptive mechanism 3.000 .816
155. Concept of polyploidity: tetra and hexaploidity 
(e.g. wheat and tobacco)
3.000 .894
156. Hydroponics and plant growth (in an applied 
sense)
3.000 1.211
157. Livestock waste as an organic fertilizer 3.000 1.125
158. Agri-marketing as affected by war, politics, and 
embargoes
2.968 1.110
159. Plasmids as semiautonomous DNA 2.967 .964
160. Growth media as a plant growth regulator 2.967 1.129
161. Using electrophoresis for plant finger printing, 
biochemistry, and molecular processes
2.935 .892
162. The role of fire in the plant communities 2.935 .964
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163. Organelles as possible survivors of ancient 
microbial invaders
2.903 .964
164. Gas storage of controlled atmosphere storage of 
horticultural and other crops
2.933 .980
165. The importance of marine algae as producers of 
oxygen and biomass
2.900 .995
166. Impact of computers and telecommunications on 
plant science
2.900 1.155
167. Explain Shelford’s laws (Law of Tolerance)~the 
geographic or local range of any species is limited 
by the fluctuation of a single factor or factors 
beyond the limit tolerated by that particular species
2.880 1.563
168. Run off water as fertilizer 2.871 .991
169. Farm forestry benefits 2.871 .991
170. Hydroponics as a cropping means on nontillable 
land
2.806 .946
171. Computerized record keeping systems 2.742 1.290
172. Biogas from biomass 2.700 .988
173. Use of computer aided drafting systems 2.533 1.008
Round 2 produced 13 new unique concepts shown in Table 3. Of the 13 new 
concepts, one was identified by a secondary plant scientist, ten were identified by 
university plant scientists, and two were identified by plant scientists working in 
industry. In order to maintain continuity, the concepts in Table 3 are numbered in 
the order presented in the questionnaire used in Round 3. Few remarks were noted 
from the respondents as listed in Appendix S.
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T able 3
New Concepts Identified from Round 2
No. Concept
174. Specialty plant products for food safety (being able to produce food without 
chemicals and fertilizers)
175. Flowers: mutualism, interdependency and coevolution
176. The importance of forests and other plants as producers of oxygen
177. The role of the cell wall in making a plant it is: allowing free passage of 
water and solutes, but resisting internal pressures as high as those in a 
domestic water supply; thus allowing the plant to consist largely of water 
(vacuoles) and thus present a large surface to mine the environment for 
water, minerals and sunlight
178. The role of the vacuole in allowing the plant to consist largely of water and 
present a large surface to mine the environment for water, minerals, and 
sunlight
179. The importance of enzymes as the basic machinery of life (not just 
something that digests food in stomachs!)
180. The role of nucleic acid in carrying the "message" of enzyme structure 
from generation to generation and from the genes to the rest of the cell
181. The defects of entomology on plants in the areas of biological competition, 
growth regulation, disease, herbicides, stress responses, etc
182. Consumer wants in the way of plant products
183. Plant science: meeting the challenges of different kinds of plant products
184. Consequences to rural society of plant science applied to 
agriculture/horticulture
oorH Concept of risk benefit analysis as it applies to crop production and plant 
science research
186. The effect of environmental pollution on crops and crop production
Results of Round 3
All 31 respondents completed and returned the questionnaire in Round 3. In 
Round 2 all responses varying by two or more from the mean rating were identified 
by asterisks to the appropriate respondent in Round 3. This was done to draw the 
attention of the respondent to the concept. One hundred-seventeen responses out of 
5,363 (31 respondents x 173 concepts =  5,363 total responses) total responses fell 
into this category in the rating of the first 173 concepts.
In Table 4 the means of the ratings and the standard deviations are presented 
(in descending order of the mean importance rating) for the concepts from Round 3 
responses.
In interpreting the data, the following interpretive scale was established:
Mean Level of Importance
5.000 - 4.500 High importance
4.499 - 3.500 Substantial importance
3.499 - 2.500 Moderate importance
2.499 - 1.500 Low importance
1.499 - 1.000 No importance
Using this interpretive scale one concept was rated of high importance, 100 concepts 
were of substantial importance, 84 concepts were of moderate importance, and one 
concept was rated of low importance. The concept receiving the highest rating was
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the same as in Round 2, "Scientific method of research" with a mean importance 
rating of 4.710 (sd =  .529), unchanged from Round 2. The one concept receiving a 
rating of low importance was "Explain Shelford’s laws (Law of Tolerance) — the 
geographic or local range of any species is limited by the fluctuation of a single factor 
or factors beyond the limit tolerated by that particular species" with a mean rating of 
2.367 (sd =  .809). No concepts in Round 3 were rated in the no importance category. 
Table 4
Round 3 Mean Ratines of Plant Science Concepts
No. Concept X SD
1. Scientific method of research 4.710 .529
2. Plants as a source of food/energy/fiber 4.484 .724
3. Plants and light: photosynthesis, photo periodism, 
plant movements
4.452 .723
4. The role of higher plants in the living world 4.452 .810
5. Importance of photosynthesis to plants and the rest 
of our world as we know it
4.452 .810
6. Respiration: producer of energy and recycling of 
carbon
4.387 .715
7. DNA as a master blueprint for plant cell instructions 4.355 .798
8. Knowledge of plant physiology: whole plant, 
organismal and cellular, as essential for 
understanding of plant breeding, genetics, evolution, 
molecular biology, and ecology of plants
4.298 .693
9. The vegetative and reproductive growth and 
development of a plant
4.323 .748
(table continues)
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10. Classical and molecular genetics and the 
fundamentals of heredity: DNA, chromosomes, 
genes, replication, proteins, RNA, Mendelian 
segregation, Dominance ys recessive, linkage maps 
(RFLP), etc.
4.290 .864
11. Growth and development through morphology, 
anatomy, biochemistry, and molecular processes
4.194 .833
12. Plant reproduction mechanisms (sexual and asexual) 4.194 .980
13. Plant growth requirements present and the future 4.161 .860
14. Ecology: to understand interdependence in the 
present and the future
4.129 .806
15. Concepts of structural organization: organelle, cell, 
tissue, organism
4.129 .846
16. Biological alternatives to pesticides 4.129 .886
17. The advancement of biotechnology: its past, 
present, and future effects on plants
4.097 .870
18. The relationship between agriculture and plant 
science
4.097 .944
19. Sustainable production of food plants 4.065 .772
20. Specialized processes of plants: photosynthesis, 
lignin biosynthesis, carbohydrate chemistry, 
terpenoids, etc.
4.032 .752
21. Plants as recyclable resource producers 4.032 .752
22. Evolution in plants, an on-going process 4.032 .836
23. Plant and soil relationship: nutrients and water 
recycling
4.000 .816
24. Evolution: to understand the basis of diversity over 
time
4.000 .856




Table 4  (continued) 87
No. Concept X SD
26. Molecular biology as a powerful tool for elucidating 
gene function
3.968 .875
27. Shared fundamental biochemical processes common 
to plants and other living organisms: nucleic acid 
chemistry, respiration, etc.
3.968 .912
28. Solar energy and its transduction in plants 3.967 .928
29. Plant responses to stress (heat, cold, wounding, 
etc.)
3.935 .727
30. Laboratory and field studies of plants as 
complementary, with both being essential
3.935 .798
31. Transpiration: why and how much 3.935 .814
32. Sustainable agriculture/horticulture as a resource 
efficient system
3.935 .892
33. Plants as a vital part of a larger community of 
organisms on this planet which are critically inter­
dependent upon each other and must be studied 
together in that context
3.935 .929
34. Definition of a plant broad and narrow 3.935 1.031
35. Plant evolution and plant breeding as affected by 
human activities
3.903 .908
36. Disease and insect resistant cultivars 3.871 .806
37. Plant survival strategies-related to life cycle, 
structure, and physiology to adaptation to deserts, 
swamps, and cold northern latitudes
3.871 .806
38. Root, flower, leaf, and stem differentiation as 
distinct developmental processes
3.871 .922
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No. Concept X SD
40. Ethics and the environment: Use of herbicides and 
weed tolerant plants, use of insecticides and insect 
resistant plants, and the use of fungicides and fungi 
resistant plants
3.871 .957
41. Climatic influences on crop production 3.839 .820
42. Irrigation as it affects plants and soils 3.839 .860
43. The use of chemicals in plant production 3.839 .898
44. Soil (geologic) source of nutrients 3.839 .934
45. Influence of temperature on plant processes of 
hardening, vernalization, growth, and flowering
3.839 .934
46. The importance of enzymes as the basic machinery 
of life (not just something that digests food
3.839 1.003
47. Exposure of students to the many subsciences 
involved in plant science such as ecology, genetics, 
pathology, along with climatology, geology, 
oceanography, physics, statistics, chemistry, 
weather, entomology, etc. . . . and examples as to 
how these impact everyone’s daily lives
3.839 1.036
48. The role of nucleic acid in carrying the "message" 
of enzyme structure from generation to generation 
and from the genes to the rest of the cell
3.839 1.128
49. Plant regeneration from protoplasts and single cells 3.806 .749
50. Plants and the atmosphere 3.806 .873
51. Legume integration as a nitrogen source 3.806 .873
52. Macro and micro nutrients as plant requirements 
and their associated deficiencies
3.806 .946
53. The importance of water-photolysis and 
evapotranspiration
3.806 .946
54. The biochemistry of photosynthesis vs respiration 3.806 .946
(table continues)
Table 4  (continued) 89
No. Concept X SD
55. Utilizing plants for providing human welfare while 
also conserving the landscape as an aesthetically 
pleasing, healthful, and ecologically sound 
environment
3.806 .980
56. The effect of environmental pollution on crops and 
crop production
3.806 1.078
57. Symbiosis or mutualism: root colonization of 
bacteria and fungi i.e. nitrogen fixation and 
mycorrhiza
3.774 .805
58. Field trips: taxonomic, agricultural, and 
biotechnical
3.742 .815
59. Nutrient removal from soil during plant harvest 3.742 .855
60. Controlling insects and some diseases with insect 
predators
3.742 .893
61. An awareness of plant domestication, plant 
breeding, production and harvest as processes 
necessary for a member of a democratic society to 
make informed decisions
3.742 .930
62. Plant embryogenesis 3.710 .783
63. Directed and random causes of evolution in plants 3.710 .824
64. Secondary metabolites as food, medicine, and 
polymer sources
3.710 .864
65. Plant response to external stimuli 3.710 .973
66. Classification of plants by life cycle 3.710 .973
67. Action of herbicides 3.710 .973
68. Seeds as a means for packaging high technologies 
(potential of putting all of a plant’s information in a 
few cells)
3.710 1.071
69. Photoperiod and timekeeping in plants 3.677 .871
70. Implications of plant habitat destruction 3.677 .909
(table continues)
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71. Molecular aspects of gene engineering and transfer 3.677 1.013
72. Totipotency of plant cells as generators of whole 
plants
3.677 1.045
73. Environmental plant ecology 3.645 .798
74. Plants as chemical factories producing natural 
products
3.645 .839
75. Integrated pest management system as man-made 
landscapes
3.645 .985
76. Agricultural propagation of plants: grafting and 
cuttings
3.645 1.112
77. Explain the factors affecting ecological succession 3.613 .803
78. The maintenance of variation in plants: effect on 
any ecosystem and searches for new drugs, 
pesticides, germplasm, etc.
3.613 .882
79. Flowers: symbiosis, interdependency and 
coevolution
3.613 .882
80. Use of mutants in describing and understanding 
controls of plant development
3.613 .919
81. Relationship between soil pH and nutrient uptake by 
plants
3.613 1.022
82. Plant cell transformation technologies 3.581 .848
83. Chemical communication in plants (hormones, 
plant-microorganism interactions, etc.)
3.581 .848
84. Cloning (asexual reproduction) as a means of 
maintaining uniform seed stock (as in sugarcane and 
sweet potatoes)
3.581 .992
85. Agricultural economics: who is feeding the world, 
who is not, and why and what are the problems of 
"Third World" agriculture economics as addressed 
by explaining the range of views and their basis 
being in belief or fact
3.581 1.119
(table continues)
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86. Taxonomy as a method for classifying plants 
according to relationship
3.548 .850
87. Natural gene transfer and genetic engineering by 
microbes (e.g. Agrobacterium in Crown gall
3.548 .88
88. Classification of plants in the classical botanical 
manner
3.548 .961
89. Surface and ground water quality as it affects plants 
and is affected by plants
3.548 .961
90. Concept of "one gene one enzyme 3.548 .961
91. Impact of plant composition on animal consumers 
(protein, mineral balance, etc.)
3.548 .995
92. Commercial fertilizer and lime as they relate to 
plant production
3.548 .995
93. The study of plant science as an essential 
preparation for responsible citizenship, no matter 
what vocation is pursued in later life
3.548 1.028
94. "Osmosis in plants (as a basic fundamental process) 3.548 1.060
95. Concept of water conservation in existing tillage 
operations
3.548 1.060
96. National farm policy and consequential planning 3.548 1.091
97. Energy changes during photosynthesis and 
respiration and their effects on the plant and 
environment
3.516 .811
98. Plants and biodiversity of form and function 3.516 .851
99. In advanced programs the use of projects that 
combine concepts across other sciences i .e ., 
physics, chemistry and plant science and using 
science fairs as part of the curriculum
3.516 .926
100. Concept of risk benefit analysis as it applies to crop 
production and plant science research
3.516 1.180
(table continues)
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101. The importance of forests and other plants as 
producers of oxygen and biomass
3.516 1.338
102. Alternative crops for new marketing 3.484 .890
103. Symbiotic characteristics of agronomic crops 3.484 .890
104. Molecular biology as a tool to study evolutionary 
changes and to predict possible future directions in 
plant evolution
3.484 .890
105. Plants having a broad range of phenotypes, from 
single cell to highly differentiated multicellular 
organisms
3.484 .926
106. Groundwater protection and techniques to remedy 
groundwater contamination
3.484 .996
107. Rootstocks with disease, insect, and nematode 
resistance
3.484 .996
108. Botanical knowledge as available in gardens, vacant 
lots, and along roadsides, as well as in laboratories, 
greenhouses and nature preserves
3.484 1.029
109. What makes a plant different: unity through 
sporophyte and gametophye relationship
3.484 1.029
110. Biological competitors of useful plants 3.467 .730
111. Pathological plant/microbe interactions 3.452 .850
112. Membranes as regulators of plant behavior 3.452 .888
113. Phytochrome control of plant processes 3.452 .888
114. Consequences of continuous cropping of highly 
erodible land
3.452 .995
115. Process of soil formation and structure 3.452 1.091
116. Occupations in plant science research 3.452 1.091
117. Soil testing for nutrient recommendations 3.452 1.234
118. Plant meristems as plant "primordia" 3.433 .817
(table continues)
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119. Quantitative genetics as compatible with molecular 
genetics and susceptible to study with the tools of 
molecular genetics
3.419 .992
120. The concept of limiting factors as it pertains to 
plants
3.419 .848
121. Insect-plant interactions in morphogenesis 3.419 .848
122. Incorporation of "Third World" crops for disease 
and drought prevention measures
3.419 .886
123. Concept of set-aside land for wildlife conservation 3.419 .886
124. Plant cell and tissue culture in biology and the 
economics involved
3.419 .992
125. Environmental affect on phenotype using "fast 
plant" to preserve quantitative and population 
biology simultaneously
3.419 1.057
126. Ecology as a study of plant/plant (one sense) 
interrelationships in an on-going, evolutionary sense
3.387 .912
127. The effects of entomology on plants in the areas of 
biological competition, growth regulation, disease, 
herbicides, stress responses, etc.
3.387 1.116
128. The role of the plant cell wall in plant defense 3.355 .798
129. Plant products tied in with structure/function/ 
physiology (i.e. wood-tensile strength of cell wall, 
theories of xylem stream, xylem differentiation
3.355 .798
130. Soil: as having a water holding capacity 3.355 .950
131. Plant nutrient deficiencies determined by tissue 
testing and visual symptoms
3.355 1.018
132. Plants and pollution: as indicators, controls, and 
associated with phytotoxicity
3.323 .832
133. Microbial genetics 3.323 .871
134. Stored carbohydrates as energy reserves 3.290 .864
(table continues)
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135. Decomposition of plant remains (leaves, logs, 
stems)
3.290 .938
136. Vascular transport as a "push-pull" mechanism 3.290 .973
137. Use of new powerful pesticides, systemic pesticides 
and monitoring their presence in foods
3.290 .973
138. Soil microbial activity as it relates to the recycling 
of elements
3.290 .973
139. Cell wall as a "skeleton" 3.290 .973
140. Microbe-plant interactions in morphogenesis 3.258 .815
141. Eutrophication and wetland ecosystems 3.258 .930
142. The role of organic matter, clay particles (colloids) 
as related to water holding capacity and cation 
exchange capacity
3.258 1.032
143. Herbicide movement in soils 3.258 1.210
144. Vacuole as an " excretory system" 3.484 .996
145. Nutrients in the rooting environment: available and 
unavailable
3.226 1.087
146. Transposable elements (maize kernel examples of 
this natural genetic modification)
3.226 .875
147. Comparing and contrasting growth patterns of 
herbaceous annuals and perennials
3.226 .884
148. Circadian rhythms and control of plant processes 3.226 .990
149. The role of the cell wall in making a plant what it 
is: allowing free passage of water and solutes, but 
resisting internal pressures as high as those in a 
domestic water supply; thus allowing the plant to 
consist largely o f water (vacuoles) and thus present 
a large surface to mine the environment for water, 
minerals and sunlight
3.226 1.087
150. Winter hardiness o f fruit tree buds 3.194 .980
(table continues)
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151. Phytoalexins as defense mechanisms 3.161 .779
152. Soils as moderating influences of climate 3.161 .820
153. Immune response mechanism in plants 3.161 1.068
154. Specialty plant products for food safety (being able 
to produce food with chemicals and fertilizers)
3.133 1.106
155. Proper techniques for organic farming 3.133 1.196
156. Bioassay as an investigative approach 3.129 1.024
157. The role of the vacuole in allowing the plant to 
consist largely of water and present a large surface 
to mine its environment for water, minerals, and 
sunlight
3.129 1.056
158. No-till as an erosion control tool 3.129 1.056
159. Agriculture diversification especially in third world 
countries
3.129 1.231
160. Producing dwarf fruit trees 3.097 1.193
161. Polyploidity as an adaptive mechanism 3.065 .727
162. Micrometerology of the plant canopy 3.065 .929
163. Livestock waste as an organic fertilizer 3.032 1.080
164. The role of fire in the plant communities 2.968 .983
165. Gas storage of controlled atmosphere storage of 
horticultural and other crops
2.968 1.016
166. Run off water as fertilizer 2.968 1.080
167. Plant science: meeting the challenges of different 
kinds of plant products
2.968 1.169
168. Flowers: mutualism, interdependency and 
coevolution
2.968 1.169
169. Concept of polyploidity: tetra and hexaploidity 
(e.g. wheat and tobacco)
2.935 .727
(table continues)
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170. Organelles as possible survivors of ancient microbial 
invaders
2.903 .746
171. Agri-marketing as affected by war, politics, and 
embargoes
2.903 1.136
172. Consumer wants in the way of plant products 2.903 1.274
173. Consequences to rural society of plant science 
applied to agriculture/horticulture
2.903 1.326
174. Plasmids as semiautonomous DNA 2.900 .885
175. Using electrophoresis for plant finger printing, 
biochemistry, and molecular processes
2.871 .922
176. Specialty plant products for food safety (being able 
to produce food without man-made chemicals and 
fertilizers
2.871 1.432
177. The importance of marine algae as producers of 
oxygen and biomass
2.839 .898
178. Farm forestry benefits 2.839 1.003
179. Impact of computers and telecommunications on 
plant science
2.839 1.003
180. Hydroponics and plant growth (in an applied sense) 2.839 1.186
181. Growth media as a plant growth regulator 2.833 .986
182. Hydroponics as a cropping means on nontillable 
land
2.742 .930
183. Computerized record keeping systems 2.710 1.124
184. Biogas from biomass 2.633 .850
185. Use of computer aided drafting systems 2.548 .995
186. Explain Shelford’s laws (Law of Tolerance)~the 
geographic or local range of any species is limited 
by the fluctuation of a single factor or factors 
beyond the limit tolerated by that particular species
2.367 .809
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In Round 3 all responses varying by two or more from the mean rating were 
identified. Ninety-one responses out of 5,363 (31 respondents x 173 original concepts 
=  5,363 total responses) or 1.70% fell into this category, in the first 173 concepts for 
a reduction of 26 or 22.2% from Round 2.
There were 563 out of 5,363 (31 respondents x 173 original concepts =  5,363 
total responses ) or 10.5% of the responses on the first 173 concepts in Round 3 that 
varied more than 1 Likert-scale point from the median. The concept with the greatest 
descensus had 11 responses varying greater than one from the median or a consensus 
rate of 64.5%. Of the 13 new concepts 41 out of 403 (31 respondents x 13 new 
concepts =  403) or 10.2% of the responses varied more than one Likert point from 
the median. The concept with the greatest descensus had 8 out of 31 responses 
varying greater than one from the median or a consensus rate of 74.2%. Consensus 
was reached for a concept when 51% of the respondents rated the concept within one 
point of the concept’s median on the Likert-type scale. All concepts achieved 
consensus using this standard. Five new concepts were identified in Round 3. 
Secondary plant scientists identified two new concepts, university plant scientists 
provided 3 new concepts, and plant scientists working in industry identified no new 




New Concepts Identified in Round 3
No. Concept
1. Absorption and translocation of fluid by plants
2. Active electron transport of mineral nutrients through roots
3. High sustained levels of production form the United States and Europe on 
less cultivated land for the past 30-40 years
4. High yields per unit acre causing more available land for uncultivated 
("natural vegetation") areas
5. United States farmers reducing long crop rotations and becoming more 
specialized
Chapter 6
Summary, Conclusions, and Recommendations
Summary
The purpose of this study was to identify the plant science concepts which 
should be taught in the secondary agriculture programs of the future as perceived by 
innovators in the field of plant science.
The specific objective was to determine futuristic subject matter needs 
(concepts) at the secondary level in the area of plant science as perceived by 
innovative university plant scientists, plant scientists working in industry and 
secondary (plant science) agriculture teachers.
Procedures
A modified Delphi Technique was used to identify these concepts and 
prioritized them in order of importance. To accomplish this a process of multiple 
nomination was used to identify top innovative plant scientists from universities and 
innovative plant scientists working in industry. The 21 plant scientists identified 
using this process received multiple nominations from their peers. Ten innovative 
secondary agriculture teachers that had won the national or regional agriscience 
teacher award were also part of the expert panel. These teachers were considered 
leaders in the area of scientific agriculture programs by virtue of winning these 
awards and were noted for having plant science as one of their areas of expertise. 
Their agriculture science programs had been closely scrutinized for quality and 




This panel of 31 plant scientists identified 173 unique plant science concepts in 
Round 1 using a simple Delphi Question as a guide: "What concepts should be 
included in secondary (high School) plant science curricula of the future?"
In Round 2 an additional 13 concepts were identified and the initial 173 
concepts were rated on a 5-point Likert-type scale of importance. This scale rated 
each concept from 1 =  No importance to 5 =  High importance. In Round 3 the 
respondents were provided the group mean rating of importance for each concept 
along with the rating that they gave the concept. If the respondent’s rating differed 
from the group mean by more than 2.000 then an asterisk was placed next to the 
concept in order to draw the panelist’s attention to the concept in Round 3. This was 
done in an effort to guide the panel toward consensus and give respondents the 
opportunity to defend or change their importance rating on any concept, especially 
those that received asterisks.
In Round 3, an additional five concepts were identified. Although these 
concepts did not receive the benefit of the panel’s importance rating they were added 
to the overall list of identified concepts. The first 186 concepts were prioritized using 
their mean scores. Where concept mean scores were the same, the concept with the 
lowest standard deviation received priority. Only one concept received an importance 
rating of high importance, 100 concepts received an importance rating of substantial 
importance, 84 concepts received an importance rating of moderate importance, one 
concept received an importance rating of low importance and no concepts received an
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importance rating of no importance. A trend toward consensus could be noted from 
Round 2 to Round 3. The number of responses that varied more than two Likert- 
scale points diminished from Round 2 to Round 3 from 117 to 91 on the first 173 
concepts.
All concepts received consensus when the standard of descensus was any 
response varying more than one Likert-scale point from the concepts median score. 
Using this standard, the concept with the lowest consensus was 64.5%. Using a 
simple 51% majority, all concepts received consensus.
Conclusions
1. Multiple nominations from peers within an area of study such as plant science can 
be achieved on a national basis, producing an expert panel needed for a Delphi 
study.
2. Plant scientists on the Delphi panel produced a large number of unique concepts 
and increased this number as the study continued, thus adding credibility to the 
idea of a synergistic effect.
3. Delphi panels, over the course of a three round study will tend toward consensus 
as measured by percent deviation of responses varying more than one Likert-scale 
point from the median.
4. Two rounds are adequate to reach consensus in a Delphi study of this type where 
the initial round is used to develop a seed document.
5. New concepts are still added in the third round of a Delphi study of this type.
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6. In a study of this nature a large amount of duplication takes place when 
identifying concepts.
7. The concept "Scientific method of research" was found to be considered the most 
important plant science concept.
Recommendations —  . .
1. All science concepts identified in this study should be considered in the 
development of future plant science curricula in agriculture at the secondary level.
2. These concepts should be submitted to a focus group composed of secondary plant 
science educators and curricula writers in order to reduce duplication. These 
same teachers and writers should combine appropriate concepts and group similar 
concepts together in an effort to refine this list of concepts.
3. These refined concepts should be subjected to a study designed to determine their 
scope and sequencing. An expert panel of plant science educators and curricula 
writers should be convened to undertake this task.
4. Those concepts with the highest importance rating should be given priority when 
designing a plant science curriculum keeping scope and sequence in mind. The 
above mentioned panel could also provide the expertise required to accomplish 
this task.
5. These concepts should be submitted to a study that would sort them according to 
difficulty, keeping scope and sequence in mind. Advanced course work could be 
developed from the more difficult concepts, yet, all of these concepts should be 
considered in any extensive plant science course.
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6. The refined list of concepts prioritized according to importance, keeping scope, 
sequence, and difficulty in mind, should be used by a panel of plant science 
teachers and curricula writers to develop competencies. Practical laboratory 
exercises and projects should be designed encompassing all of these concepts as 
they are developed into competencies.
7. A study of this type should be done in the areas of animal science, agricultural 
mechanization, agribusiness/economics, and leadership development.
8. The plant science concepts identified in this study should be considered by 
collegiate level staffs when designing and updating curriculum requirements in 
agriscience teacher preparation programs.
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APPENDIX A




Thank you for agreeing to participate in this futuristic secondary plant science 
curriculum study using the Delphi Technique. Your insights are essential for the 
success of this study.
Specifically, we need your help to identify those concepts which, in your opinion, 
merit study by high school students of the future. Remember that in a democracy the 
populace makes may science policy decisions and must be kept informed in order to 
do so in a knowledgeable manner. In addition our future plant scientists will be in 
those classrooms and go through many formative experiences.
The final results of this study will form the first step in the detailed process of plant 
science curriculum development which will be done by agriscience/science educators. 
A copy of the final prioritized list of concepts will be available to you, the panelists, 
upon completion of the study.
I am attaching the first of three questionnaires designed to generate a list of futuristic 
plant science concepts. Please complete the questionnaire and return it in time for 
analysis on September 7, 1990. A self-addressed envelope has been provided for 
your convenience.
Please find enclosed a small gift as a toke of my appreciation for your help. I hope 
that the theme of these stamps will be in keeping with the futuristic spirit of this 
study. Again, thank you for your help.
Sincerely,






Please list as many concepts as you can think of although you will have other 
opportunities to do son on future questionnaires. In answering the following question 
limit your answers to concepts rather than an element or task. An example of a 
concept might be plant hormones as growth regulators. In this case auxins would 
represent an element and using cytokinins to regulate plant growth would be an 
example of a task. Please state your concepts as briefly as possible in a manner that 
will provide enough information for a correct interpretation.
Questionnaire #1















Please accept this letter as an explanation for the long period of inactivity on the 
futuristic high school plant science curriculum study.
On September 19, 1990, I was called to active duty as a reserve medevac pilot and 
unit commander. My stay in the Persian Gulf was very educational, but it did bring 
my curriculum study to a halt. My world is now slowly returning to normal, and I 
am looking forward to sending you the second Delphi Survey.
It is my hope that this delay has not caused you inconvenience, and that you will still 
be able to participate in the remaining phases of the study.
The first step in getting my study restarted is to determine the current location of the 
original panel members. Please complete and return the enclosed post card as 
appropriate.
I realize that the delay in the study was extensive, but it was unavoidable. I hope that 
you will be able to continue as a panel member. Thank you again for you initial 






Yes, I will continue to help with the plant science curriculum study.
No, I do not wish to continue with the plant science curriculum 
study.
If a change of address or phone number has occurred, please 




Letter of Instruction for Second Questionnaire
" D
1 ~
Dear 2 ~ :
Please know that your continued participation in this study is so very much 
appreciated. Time always seems to be the limiting factor, therefore I have tried to 
structure this questionnaire to require as little of your valuable time as possible.
This questionnaire is the compilation of unique concepts gleaned from all of your 
responses to the initial "seed document" questionnaire. In some instances your 
concept may have been slightly reworded or combined with someone else’s concept. 
There were many duplications which shows that we are possibly on the right track. If 
you feel that the content of any of your items has been compromised, please feel free 
to add the needed item at the end of the questionnaire.
As you read through the questionnaire indicate the degree of importance you feel 
should be assigned to each concept by circling the appropriate number on the left. It 
is hoped that reading other panelists’ concepts ideas will have a synergistic effect. 
Therefore, extra space has been provided at the end of the questionnaire for additional 
concepts you may have thought of while reading. This synergistic effect is a major 
element of the study and new concepts are anticipated.
Please return your questionnaire in the self-addressed, stamped envelope provided.
The data from this questionnaire will generate a third and final questionnaire that will 
indicate how the panel rated each concept. Individual panelists will also know how 
they rated each concept compared to the group mean.
Thank you again for your time and dedication. I add my personal thanks to those of 
you who sent encouraging personal notes to me. I wanted you to know it had a 
positive effect.
Sincerely,





Plant Science Curriculum Concepts
Directions: Please circle the rating of importance you place on each concept.
------------------------------  1 = No importance
------------------------------  2  =  Low importance
------------------------------  3 =  Moderate importance
------------------------ 4  =  Substantial importance
------- 5 =  High importance
1 2 3 4 5 1. Scientific method o f  research
1 2 3 4 5 2. The role o f  higher plants in the living world
1 2 3 4 5 3. Definition o f a plant both broad and narrow
1 2 3 4 5 4. The study o f plant science as an essential preparation for 
responsible citizenship, no matter what vocation is pursued in 
later life
1 2 3 4 5 5. An awareness o f  plant domestication, plant breeding, production 
and harvest as processes necessary for a member o f  a democratic 
society to make informed decisions.
1 2 3 4 5 6. Exposure o f  students to the many subsciences involved in plant 
science such as ecology, genetics, pathology, along with 
climatology, geology, oceanography, physics, statistics, 
chemistry, weather, entomology, etc... and examples as to how  
these impact everyone’s daily lives
1 2 3 4 5 7. Occupations in plant science research
1 2 3 4 5 8. The relationship between agriculture and plant science
1 2 3 4 5 9. Plants having a broad range o f  phenotypes, from single cell to 
highly differentiated multicellular organisms
1 2 3 4 5 10. Botanical knowledge as available in gardens, vacant lots and 
along roadsides, as well as in laboratories, greenhouses and 
nature preserves
1 2 3 4 5 11. Field trips: taxonomic, agricultural, and biotechnical
1 2 3 4 5 12. Laboratory and field studies o f  plants as complementary, with 
both being essential
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------------------------------- 1 = No importance
------------------------------- 2  =  Low importance
--------------  3 = Moderate importance
------------------------ 4  =  Substantial importance
------- 5 = High importance
1 2 3 4 5 13. In advanced programs the use o f  projects that combine concepts 
across other sciences ie ., physics, chemistry and plant science 
and using science fairs as part o f  the curriculum
1 2 3 4 5 14. The advancement o f  biotechnology: its past, present, and future 
effects on plant
1 2 3 4 5 15. What makes a plant different: unity through sporophyte and 
gametophye relationship
1 2 3 4 5 16. Seeds as a means for packaging high technologies (potential o f  
putting all o f  a plant’s information in a few cells)
1 2 3 4 5 17. Knowledge o f  plant physiology: whole plant, organismal and 
cellular, as essential for understanding o f  plant breeding, 
genetics, evolution,, molecular biology, and ecology o f  plants
1 2 3 4 5 18. The vegetative and reproductive growth and development o f  a 
plant
1 2 3 4 5 19. Growth and development through morphology, anatomy, 
biochemistry, and molecular processes
1 2 3 4 5 20. Classification o f  plants by life  cycle
1 2 3 4 5 21. Classification o f  plants in the classical botanical manner
1 2 3 4 5 22. The concept o f  limiting factors as it pertains to plants
1 2 3 4 5 23. Plant growth requirements
1 2 3 4 5 24. Influence o f  temperature on plant processes o f  hardening, 
vernalization, growth, and flowering
1 2 3 4 5 25. Comparing and contrasting growth patterns o f  herbaceous 
annuals and perennials
1 2 3 4 5 26. Growth media as a plant growth regulator
1 2 3 4 5 27. Hydroponics and plant growth (in an applied sense)
1 2 3 4 5 28. Biological competitors o f  useful plants
1 2 3 4 5 29. The effect o f  diseases and pathogens on the plant community
1 2 3 4 5 30. Action o f  herbicides
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-----------------------------------  1 = No importance
-----------------------------------  2  =  Low importance
----------------------------------  3  =  Moderate importance
------------------------  4  =  Substantial importance
----------------  5 = High importance
1 2 3 4 5 31. Plant responses to stress (heat, cold, wounding, etc.)
1 2 3 4 5 32. Osmosis in plants (as a basic fundamental process)
1 2 3 4 5 33. The role o f  the plant cell w all in plant defense
1 2 3 4 5 34. Stored carbohydrates as energy reserves
1 2 3 4 5 35. Root, flower, leaf, and stem differentiation as distinct 
developmental processes
1 2 3 4 5 36. Phytochrome control o f  plant processes
1 2 3 4 5 37. Using electrophoresis for plant finger printing, biochemistry, and 
molecular processes
1 2 3 4 5 38. Plants as chemical factories producing natural products
1 2 3 4 5 39. Plant meristems as plant "primordia"
1 2 3 4 5 40. Chemical communication in plants (hormones, plant- 
micro organism interactions, etc.)
1 2 3 4 5 41. Immune response mechanism in plants
1 2 3 4 5 42. Circadian rhythms and control o f  plant processes
1 2 3 4 5 43. Shared fundamental biochemical processes common to plants and 
other living organisms: nucleic acid chemistry, respiration, etc.
1 2 3 4 5 44. Plant products tied in with structure/function/physiology (ie. 
wood-tensile strength o f  cell w all, theories o f  xylem  stream, 
xylem  differentiation
1 2 3 4 5 45. Specialized processes o f  plants: photosynthesis, lignin  
biosynthesis, carbohydrate chemistry, terpenoids, etc.
1 2 3 4 5 46. Plants and light: photosynthesis, photo periodism, plant 
movements
1 2 3 4 5 47. Concepts o f  structural organization: organelle, cell, tissue, 
organism
1 2 3 4 5 48. Bioassay as an investigative approach
1 2 3 4 5 49. Photoperiod and timekeeping in plants
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--------------  1 = No importance
--------------  2 =  Low importance
---------------------------------- 3 =  Moderate importance
------------------------ 4  =  Substantial importance
------- 5 = High importance
1 2 3 4 5 50. Plant response to external stimuli
1 2 3 4 5 51. Phytoalexins as defense mechanisms
1 2 3 4 5 52. Membranes as regulators o f  plant behavior
1 2 3 4 5 53. Cell wall as a "skeleton"
1 2 3 4 5 54. Vacuole as an "excretory system"
1 2 3 4 5 55. Vascular transport as a "push-pull" mechanism
1 2 3 4 5 56. Evolution in plants, an on-going process
1 2 3 4 5 57. Evolution: to understand the basis o f  diversity over time
1 2 3 4 5 58. Plant evolution and plant breeding as affected by human 
activities
1 2 3 4 5 59. Directed and random causes o f  evolution in plants
1 2 3 4 5 60. Plant survival strategies-related to life cycle, structure, and 
physiology to adaptation to deserts, swamps, and cold northern 
latitudes
1 2 3 4 5 61. Molecular biology as a tool to study evolutionary changes and to 
predict possible future directions in plant evolution
1 2 3 4 5 62. Flowers: symbiosis, interdependency and coevolution
1 2 3 4 5 63. Insect-plant interactions in morphogenesis
1 2 3 4 5 64. Microbe-plant interactions in morphogenesis
1 2 3 4 5 65. Pathological plant/microbe interactions
1 2 3 4 5 66. Organelles as possible survivors o f  ancient microbial invaders
1 2 3 4 5 67. Plasmids as semiautonomous DNA
1 2 3 4 5 68. Polyploidy as an adaptive mechanism
1 2 3 4 5 69. Plant reproduction mechanisms (sexual and asexual)
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--------------- 1 = No importance
--------------- 2 = Low importance
--------------  3 = Moderate importance
----------  4 = Substantial importance
------- 5 =  High importance
1 2 3 4 5 70. Classical and molecular genetics and the fundamentals o f  
heredity: D N A , chromosomes, genes, replication, proteins, 
R N A , Mendelian segregation, Dominance vs recessive, linkage 
maps (RFLP), etc.
1 2 3 4 5 71. Concept o f  "one gene one enzyme"
1 2 3 4 5 72. Concept o f  polyploidy: tetra and hexaploidy (e .g . wheat and 
tobacco)
1 2 3 4 5 73. The maintenance o f  variation in plants: effect on any ecosystem  
and searches for new drugs, pesticides, germplasim, etc.
1 2 3 4 5 74. Microbial genetics
1 2 3 4 5 75. Natural gene transfer and genetic engineering by microbes (e.g . 
Agrobacterium in Crown gall)
1 2 3 4 5 76. Transposable elements (maize kernel examples o f  this natural 
genetic modification)
1 2 3 4 5 77. Molecular biology as a powerful tool for elucidating gene 
function
1 2 3 4 5 78. Quantitative genetics as compatible with molecular genetics, and 
susceptible to study with the tools o f  molecular genetics
1 2 3 4 5 79. D N A  as a master blueprint for plant cell instructions
1 2 3 4 5 80. Totipotency o f  plant cells as generators o f  whole plants
1 2 3 4 5 81. Plant regeneration from protoplasts and single cells
1 2 3 4 5 82. Plant embryogenesis
1 2 3 4 5 83. Plants and biodiversity o f  form and function
1 2 3 4 5 84. Plant cell and tissue culture in b iology and the econom ics 
involved
1 2 3 4 5 85. Cloning (asexual reproduction) as a means o f  maintaining 
uniform seed stock (as in sugarcane and sweet potatoes)
1 2 3 4 5 86. Plant cell transformation technologies
1 2 3 4 5 87. Molecular aspects o f  gene engineering and transfer
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--------------  1 = No importance
--------------  2 = Low importance
--------------  3 = Moderate importance
---------- 4 = Substantial importance
------  5 = High importance
1 2 3 4 5 88. Use o f  mutants in describing and understanding controls o f  plant 
development "
1 2 3 4 5 89. Environmental affect on phenotype using "fast plant" to observe 
quantitative and population biology simultaneously
1 2 3 4 5 90. Disease and insect resistant cultivars
1 2 3 4 5 91. Winter hardiness o f  fruit tree buds
1 2 3 4 5 92. Rootstocks with disease, insect, and nematode resistance
1 2 3 4 5 93. Producing dwarf fruit trees
1 2 3 4 5 94. Agricultural propagation o f plants: grafting and cuttings
1 2 3 4 5 95. Plants and the atmosphere
1 2 3 4 5 96. Importance o f  photosynthesis to plants and the rest o f  our world 
as w e know it
1 2 3 4 5 97. Respiration: producer o f  energy and recycling o f  carbon
1 2 3 4 5 98. The importance o f  water-photolysis and evapotranspiration
1 2 3 4 5 99. Transpiration: why and how much
1 2 3 4 5 100. Micrometerology o f the plant canopy
1 2 3 4 5 101. Energy changes during photosynthesis and respiration and their 
effects on the plant and environment
1 2 3 4 5 102. Climatic influences on crop production
1 2 3 4 5 103. The biochemistry o f  photosynthesis vs respiration
1 2 3 4 5 104. Gas storage or controlled atmosphere storage o f  horticultural and 
other crops
1 2 3 4 5 105. The importance o f marine algae as producers o f  oxygen and 
biomass
1 2 3 4 5 106. Plant and soil relationship: nutrients and water recycling
1 2 3 4 5 107. Soil: as having a water holding capacity
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------- 1 = No importance
----------------- 2  =  Low importance
------- 3 = Moderate importance
------- 4 = Substantial importance
----------------  5  =  High importance
1 2 3 4 5 108. The role o f  organic matter, clay particles (colloids) as related to 
water holding capacity and cation exchange capacity
1 2 3 4 5 109. Legume integration as a nitrogen source
1 2 3 4 5 110. Symbiosis or mutualism: root colonization o f  bacteria and fungi 
i.e . nitrogen fixation and mycorrhiza
1 2 3 4 5 111. Soil microbial activity as it relates to the recycling o f  elements
1 2 3 4 5 112. Plants as recyclable resource producers
1 2 3 4 5 113. Nutrient removal from soil during plant harvest
1 2 3 4 5 114. Soil (geologic) source o f  nutrients
1 2 3 4 5 115. Soils as moderating influences o f  climate
1 2 3 4 5 116. Process o f  soil formation and structure
1 2 3 4 5 117. Herbicide movement in soils
1 2 3 4 5 118. Macro and micro nutrients as plant requirements and their 
associated deficiencies
1 2 3 4 5 119. Plant nutrient deficiencies determined by tissue testing and visual 
symptoms
1 2 3 4 5 120. Nutrients in the rooting environment: available and unavailable
1 2 3 4 5 121. Soil testing for nutrient recommendations
1 2 3 4 5 122. Impact o f  plant composition on animal consumers (protein, 
mineral balance, etc.)
1 2 3 4 5 123. Decomposition o f  plant remains (leaves, logs, stems)
1 2 3 4 5 124. Relationship between soil pH and nutrient uptake by plants
1 2 3 4 5 125. Commercial fertilizer and lim e as they relate to plant production
1 2 3 4 5 126. Run o ff  water as fertilizer
1 2 3 4 5 127. Surface and ground water quality as it affects plants and is 
affected by plants
1 2 3 4 5 128. Concept o f  water conservation in existing tillage operations
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-------------------------------- 1 = No importance
-------------------------------- 2 =  Low importance
-------------------------------  3 =  Moderate importance
----------------------  4  =  Substantial importance
--------------- 5 =  High importance
1 2 ' 3 - 4 r'5* 129. Irrigation as it affects plants and soils
1 2 3 4 5 130. Solar energy and its transduction in plants
1 2 3 4 5 131. Plants as a source o f  food/energy/fiber
1 2 3 4 5 132. Secondary metabolites as food, medicine, and polym er sources
1 2 3 4 5 133. Environmental plant ecology
1 2 3 4 5 134. Ecology: to understand interdependence in the present and the 
future
1 2 3 4 5 135. Explain Shelford’s laws (Law o f  Tolerance) — the geographic or 
local range o f  any species is limited by the fluctuation o f  a single  
factor or factors beyond the limit tolerated by that particular 
species.
1 2 3 4 5 136. Taxonom y as a method for classifying plants according to 
relationship
1 2 3 4 5 137. Ethics and the environment: U se o f  herbicides and weed
tolerant plants, use o f  insecticides and insect resistant plants, and 
the use o f  fungicides and fungi resistant plants.
1 2 3 4 5 138. Ecology as a study o f  plant/plant (one sense) interrelationships in 
an on-going, evolutionary sense
1 2 3 4 5 139. Explain the factors affecting ecological succession
1 2 3 4 5 140. Implications o f  plant habitat destruction
1 2 3 4 5 141. Land capabilities and capacity as it relates to food and fiber 
production
1 2 3 4 5 142. U tilizing plants for providing human welfare w hile also
conserving the landscape as an aesthetically pleasing, healthful, 
and ecologically sound environment
1 2 3 4 5 143. Groundwater protection and techniques to remedy groundwater 
contamination
1 2 3 4 5 144. Sym biotic characteristics o f  agronomic crops
1 2 3 4 5 145. Eutrophication and wetland ecosystem s |
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--------------  1 = No importance
--------------  2 = Low importance
--------------  3 = Moderate importance
------------------------ 4  =  Substantial importance
------- 5 = High importance
1 2 3 4 5 146. Sustainable production o f  food plants
1 2 3 4 5 147. Sustainable agriculture/horticulture as a resource efficient system
1 2 3 4 5 148. The use o f  chemicals in plant production
1 2 3 4 5 149. Proper techniques for organic farming
1 2 3 4 5 150. Livestock waste as an organic fertilizer
1 2 3 4 5 151. No-till as an erosion control tool
1 2 3 4 5 152. Consequences o f  continuous cropping o f  highly erodible land
1 2 3 4 5 153. Hydroponics as a cropping means on nontillable land
1 2 3 4 5 154. Integrated pest management system as man-made landscapes
1 2 3 4 5 155. Biological alternatives to pesticides
1 2 3 4 5 156. Controlling insects and some diseases with insect predators
1 2 3 4 5 157. U se o f  new powerful pesticides, systemic pesticides and 
monitoring their presence in foods
1 2 3 4 5 158. Plants as a vital part o f  a larger community o f  organisms on this 
planet which are critically inter-dependent upon each other and 
must be studied together in that context
1 2 3 4 5 159. Specialty plant products for food safety (being able to produce 
food with chemicals and fertilizers)
1 2 3 4 5 160. Biogas from biomass
1 2 3 4 5 161. Incorporation o f  "Third World" crops for disease and drought 
prevention measures
1 2 3 4 5 162. Plants and pollution: as indicators, controls, and associated with 
phytotoxicity
1 2 3 4 5 163. The role o f  fire in the plant communities
1 2 3 4 5 164. Use o f  computer aided drafting systems
1 2 3 4 5 165. Computerized record keeping systems
1 2 3 4 5 166. Impact o f  computers and telecommunications on plant science
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------------------------------- 1 = No importance
------------------------------- 2 =  Low importance
------------------------------  3 =  Moderate importance
----------  4 =  Substantial importance
------- 5 =  High importance
1 2 3 4 - 5 167. Farm forestry benefits
1 2 3 4 5 168. Concept o f  set-aside land for w ildlife conservation
1 2 3 4 5 169. Alternative crops for new marketing
1 2 3 4 5 170. National farm policy and consequential planning
1 2 3 4 5 171. Agri-marketing as effected by war, politics, and embargoes
1 2 3 4 5 172. Agricultural diversification especially in third world countries
1 2 3 4 5 173. Agriculture economics: who is feeding the world, who is not, 
and why and what are the problems o f  "Third World" 
agriculture economics as addressed by explaining the range o f  
view s and their basis being in belief or fact
Please list any additional concepts that you consider important to this study that were 
not included in the above form.
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Dear 3 ~ :
Please know that your participation in this study is so very much appreciated. Your 
comments and additional concepts are indispensable to the success of this under 
taking. This is the final questionnaire. Time always seems to be the limiting factor, 
therefore, I have tried to structure this questionnaire to require as little of your 
valuable time as possible.
Keep in mind that these concepts have an anticipated use at the high school or 
secondary level. Concepts determined in this study could have application in 
agriculture and biology classrooms of the future. This questionnaire is the 
compilation of unique concepts gleaned from all of your responses to the initial " seed 
document" and the second questionnaire. There may seem to be some duplications, 
but remember the respondents in this study differ in background and geographic 
location accounting for some differences in perceptions. This factor has been kept in 
mind in retaining seemingly duplicate concepts; please bear with me on this. In some 
instances your concept may have been slightly reworded or combined with someone 
else’s concept. If you feel that the content of any of your items has been 
compromised, please feel free to add the needed item at the end of the questionnaire.
On this final questionnaire the group’s mean importance level rating has been 
indicated. Also your previous rating for each concept is noted on the questionnaire.
If  you have varied more than two levels in your rating from the group mean, I have 
placed an astrict in the left hand margin next to that particular concept. Please review 
these concepts carefully. You may wish to change your rating closer to the group 
mean or leave it as before. If you leave your rating as before please comment briefly 
on your rating in the space provided below that particular concept. If you want to 
leave your previous rating do not feel intimidated or coerced. Consensus is a form of 
finding a subjective truth, however, being an individual selected nation-wide for your 







The synergistic effect has provided this final questionnaire with thirteen new concepts. 
Please rate these new concepts as to their level of importance by circling one of the 
numbers to the left of each new concept as you did on the second questionnaire. 
Additional concepts that you think of during this process should. be added, in the space 
provided on the last page.
Please return your questionnaire in the self-addressed, stamped envelope provided. If 
you would like a final copy of all of the concepts gleaned from the study and the 
mean importance level assigned by the group please indicate so in the remarks section 
provided at the end of the questionnaire.
Thank you again for your time and dedication. It has been a tremendous experience 
working with such an esteemed group.
Sincerely,




Plant Science Curriculum Concepts
Directions:
In this final version of the questionnaire you are being asked to rate each of these 
concepts one additional time. Note that the group’s mean rating has been 
indicated and high lighted in yellow. In addition please note that your previous 
response is circled in red. If your response differed from the mean response by 
more than two points a red asterisk appears in the left-hand column beside the 
concept. Please rate each item using die following procedure.
•  For non-asterisk concept: if you do not wish to change your rating, no action is 
necessary
•  For non-asterisk concepts: if you wish to change your rating simply circle the 
new rating in the appropriate column.
•  For the asterisk concepts: if you wish to change your rating closer to the mean 
simply circle the new rating in the appropriate column.
•  For asterisk concepts: if you do not wish to change your rating please briefly 
comment as to why you feel your rating is most appropriate in the space provided 
under each concept.
----------------  1 = No importance
------- 2 = Low importance
----------------  3 =  Moderate importance
----------------  4  =  Substantial importance
----------------  5 =  High importance
------ Group's mean rating from
Questionnaire 2
1 2 3 4 5 1. Scientific method o f  research
1 2 3 4 5 2. The role o f  higher plants in the living world
1 2 3 4 5 3. Definition o f  a plant both broad and narrow
1 2 3 4 5 4. The study o f  plant science as an essential preparation for 
responsible citizenship, no matter what vocation is 
pursued in later life
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------- 1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
------- 4 =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 5. An awareness o f  plant domestication, plant breeding, 
production and harvest as processes necessary for a 
member o f  a democratic society to make informed 
decisions.
1 2 3 4 5 6. Exposure o f  students to the many subsciences involved in 
plant science such as ecology, genetics, pathology, along 
with clim atology, geology, oceanography, physics, 
statistics, chemistry, weather, entom ology, e tc ... and 
examples as to how these impact everyone’s daily lives
1 2 3 4 5 7. Occupations in plant science research
1 2 3 4 5 8. The relationship between agriculture and plant science
1 2 3 4 5 9. Plants having a broad range o f  phenotypes, from single 
cell to highly differentiated multicellular organisms
1 2 3 4 5 10. Botanical knowledge as available in gardens, vacant lots 
and along roadsides, as w ell as in laboratories, 
greenhouses and nature preserves
1 2 3 4 5 11. Field trips: taxonomic, agricultural, and biotechnical
1 2 3 4 5 12. Laboratory and field studies o f  plants as complementary, 
with both being essential
1 2 3 4 5 13. In advanced programs the use o f  projects that combine 
concepts across other sciences ie . , physics, chemistry and 
plant science and using science fairs as part o f  the 
curriculum
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------- 1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
------- 4 =  Substantial importance
------  5 =  High importance
-- Group's mean rating from
Questionnaire 2
1 2 3 4 5 14. The advancement o f  biotechnology: its past, present, 
and future effects on plant
1 2 3 4 5 15. What makes a plant different: unity through sporophyte 
and gametophye relationship
1 2 3 4 5 16. Seeds as a means for packaging high technologies
(potential o f  putting all o f  a plant’s information in a few  
cells)
1 2 3 4 5 17. Knowledge o f  plant physiology: whole plant, organismal 
and cellular, as essential for understanding o f  plant 
breeding, genetics, evolution,, molecular biology, and 
ecology o f  plants
1 2 3 4 5 18. The vegetative and reproductive growth and development 
o f  a plant
1 2 3 4 5 19. Growth and development through morphology, anatomy, 
biochemistry, and molecular processes
1 2 3 4 5 20. Classification o f  plants by life cycle
1 2 3 4 5 21. Classification o f  plants in the classical botanical manner
1 2 3 4 5 22. The concept o f  limiting factors as it pertains to plants
1 2 3 4 5 23. Plant growth requirements
1 2 3 4 5 24. Influence o f  temperature on plant processes o f  hardening, 
vernalization, growth, and flowering
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--------------  1 = No importance
------- 2 = Low importance
--------------  3  =  Moderate importance
--------------  4 =  Substantial importance
------- 5 =  High importance
-----  Group's mean rating from
Questionnaire 2
1 i 3 4 5 25. Comparing and contrasting growth patterns o f  herbaceous 
annuals and perennials
1 2 3 4 5 26. Growth media as a plant growth regulator
1 2 3 4 5 27. Hydroponics and plant growth (in an applied sense)
1 2 3 4 5 28. Biological competitors o f  useful plants
1 2 3 4 5 29. The effect o f  diseases and pathogens on the plant 
community
1 2 3 4 5 30. Action o f  herbicides
1 2 3 4 5 31. Plant responses to stress (heat, cold, wounding, etc.)
1 2 3 4 5 32. Osmosis in plants (as a basic fundamental process)
1 2 3 4 5 33. The role o f  the plant cell wall in plant defense
1 2 3 4 5 34. Stored carbohydrates as energy reserves
1 2 3 4 5 35. Root, flower, leaf, and stem differentiation as distinct 
developmental processes
1 2 3 4 5 36. Phytochrome control o f  plant processes
1 2 3 4 5 37. Using electrophoresis for plant finger printing, 
biochemistry, and molecular processes
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------- 1 = No importance
------- 2 = Low importance
------- 3 = Moderate importance
------- 4  =  Substantial importance
------- 5 = High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 38. Plants as chemical factories producing natural products
1 2 3 A 5 39. Plant meristems as plant "primordia"
1 2 3 4 5 40. Chemical communication in plants (hormones, plant- 
microorganism interactions, etc.)
1 2 3 4 5 41. Immune response mechanism in plants
1 2 3 4 5 42. Circadian rhythms and control o f  plant processes
1 2 3 4 5 43. Shared fundamental biochemical processes common to 
plants and other living organisms: nucleic acid 
chemistry, respiration, etc.
1 2 3 4 5 44. Plant products tied in with structure/function/physiology 
(ie . wood-tensile strength o f  cell w all, theories o f  xylem  
stream, xylem  differentiation
1 2 3 4 5 45. Specialized processes o f  plants: photosynthesis, lignin 
biosynthesis, carbohydrate chemistry, terpenoids, etc.
1 2 3 4 5 46. Plants and light: photosynthesis, photo periodism, plant 
movements
1 2 3 4 5 47. Concepts o f  structural organization: organelle, cell, 
tissue, organism
1 2 3 4 5 48. Bioassay as an investigative approach
1 2 3 4 5 49. Photoperiod and timekeeping in plants
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------- 1 = No importance
------- 2 = Low importance
------- 3 = Moderate importance
------- 4 = Substantial importance
---------------- 5  =  High importance
—  Group's mean rating from 
Questionnaire 2
1 2 3 4 5 SO. Plant response to external stimuli
1 2 3 4 5 SI. Phytoalexins as defense mechanisms
1 2 3 4 5 S2. Membranes as regulators o f  plant behavior
1 2 3 4 5 53. Cell wall as a "skeleton"
1 2 3 4 5 54. Vacuole as an "excretory system"
1 2 3 4 5 55. Vascular transport as a "push-pull" mechanism
1 2 3 4 5 56. Evolution in plants, an on-going process
1 2 3 4 5 57. Evolution: to understand the basis o f  diversity over time
1 2 3 4 5 58. Plant evolution and plant breeding as affected by human 
activities
1 2 3 4 5 59. Directed and random causes o f  evolution in plants
1 2 3 4 5 60. Plant survival strategies—related to life cycle, structure, 
and physiology to adaptation to deserts, swamps, and 
cold northern latitudes
1 2 3 4 5 61. Molecular biology as a tool to study evolutionary changes 
and to predict possible future directions in plant evolution
1 2 3 4 5 62. Flowers: symbiosis, interdependency and coevolution
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----------------- 1 = No importance
----------------- 2  =  Low importance
----------------- 3 = Moderate importance
----------------- 4 = Substantial importance
----------------- 5 =  High importance
------  Group's mean rating from
Questionnaire 2
1 2 3 4 5 63 . Insect-plant interactions in m orphogenesis
1 2 3 4 5 64 . Microbe-plant interactions in morphogenesis
1 2 3 4 5 65. Pathological plant/microbe interactions
1 2 3 4 5 66. Organelles as possible survivors o f  ancient microbial 
invaders
1 2 3 4 5 67. Plasmids as semiautonomous D N A
1 2 3 4 5 68 . Polyploidy as an adaptive mechanism
1 2 3 4 5 69. Plant reproduction mechanisms (sexual and asexual)
1 2 3 4 5 70 . Classical and molecular genetics and the fundamentals o f  
heredity: D N A , chromosomes, genes, replication, 
proteins, R N A , Mendelian segregation, Dom inance vs 
recessive, linkage maps (RFLP), etc.
1 2 3 4 5 71. Concept o f  "one gene one enzyme"
1 2 3 4 5 72 . Concept o f  polyploidy: tetra and hexaploidy (e .g . wheat 
and tobacco)
1 2 3 4 5 73 . The maintenance o f  variation in plants: effect on any 
ecosystem  and searches for new  drugs, pesticides, 
germplasim, etc.
1 2 3 4 5 74. Microbial genetics
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--------------- 1 = No importance
--------------- 2 = Low importance
--------------- 3 =  Moderate importance
----------------- 4  =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 75. Natural gene transfer and genetic engineering by 
microbes (e.g . Agrobacterium in Crown gall)
1 2 3 4 5 76. Transposable elements (maize kernel examples o f  this 
natural genetic modification)
1 2 3 4 5 77. Molecular biology as a powerful tool for elucidating gene 
function
1 2 3 4 5 78. Quantitative genetics as compatible with molecular 
genetics, and susceptible to study with the tools o f  
molecular genetics
1 2 3 4 5 79. D N A  as a master blueprint for plant cell instructions
1 2 3 4 5 80. Totipotency o f  plant cells as generators o f  whole plants
1 2 3 4 5 81. Plant regeneration from protoplasts and single cells
1 2 3 4 5 82. Plant embryogenesis
1 2 3 4 5 83. Plants and biodiversity o f  form and function
1 2 3 4 5 84. Plant cell and tissue culture in biology and the economics 
involved
1 2 3 4 5 85. Cloning (asexual reproduction) as a means o f  maintaining 
uniform seed stock (as in sugarcane and sweet potatoes)
1 2 3 4 5 86. Plant cell transformation technologies
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------- 1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
------- 4 =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 87. M olecular aspects o f  gene engineering and transfer
1 2 3 4 5 88. U se o f  mutants in describing and understanding controls 
o f  plant development
1 2 3 4 5 89. Environmental affect on phenotype using "fast plant" to 
observe quantitative and population biology  
simultaneously
1 2 3 4 5 90. Disease and insect resistant cultivars
1 2 3 4 5 91. Winter hardiness o f  fruit tree buds
1 2 3 4 5 92. Rootstocks w ith disease, insect, and nematode resistance
1 2 3 4 5 93. Producing dwarf fruit trees
1 2 3 4 5 94. Agricultural propagation o f  plants: grafting and cuttings
1 2 3 4 5 95. Plants and the atmosphere
1 2 3 4 5 96. Importance o f  photosynthesis to plants and the rest o f  our 
world as w e know it
1 2 3 4 5 97. Respiration: producer o f  energy and recycling o f  carbon
1 2 3 4 5 98. The importance o f  water-photolysis and 
evapotranspiration
1 2 3 4 5 99. Transpiration: why and how  much
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------- 1 = No importance
------- 2 = Low importance
----------------  3 =  Moderate importance
----------------  4 =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 100. Micrometerology o f  the plant canopy
1 2 3 4 5 101. Energy changes during photosynthesis and respiration 
and their effects on the plant and environment
1 2 3 4 5 102. Climatic influences on crop production
1 2 3 4 5 103. The biochemistry o f  photosynthesis vs respiration
1 2 3 4 5 104. Gas storage or controlled atmosphere storage o f  
horticultural and other crops
1 2 3 4 5 105. The importance o f  marine algae as producers o f  oxygen 
and biomass
1 2 3 4 5 106. Plant and soil relationship: nutrients and water recycling
1 2 3 4 5 107. Soil: as having a water holding capacity
1 2 3 4 5 108. The role o f  organic matter, clay particles (colloids) as 
related to water holding capacity and cation exchange 
capacity
1 2 3 4 5 109. Legume integration as a nitrogen source
1 2 3 4 5 110. Symbiosis or mutualism: root colonization o f  bacteria 
and fungi i.e . nitrogen fixation and mycorrhiza
1 2 3 4 5 111. Soil microbial activity as it relates to the recycling o f  
elements
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------- 1 = No importance
------- 2 = Low importance
----------------  3 =  Moderate importance
------- 4 = Substantial importance
------  5 = High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 112. Plants as recyclable resource producers
1 2 3 4 5 113. Nutrient removal from soil during plant harvest
1 2 3 4 5 114. Soil (geologic) source o f  nutrients
1 2 3 4 5 115. Soils as moderating influences o f  climate
1 2 3 4 5 116. Process o f soil formation and structure
1 2 3 4 5 117. Herbicide movement in soils
1 2 3 4 5 118. Macro and micro nutrients as plant requirements and 
their associated deficiencies
1 2 3 4 5 119. Plant nutrient deficiencies determined by tissue testing 
and visual symptoms
1 2 3 4 5 120. Nutrients in the rooting environment: available and 
unavailable
1 2 3 4 5 121. Soil testing for nutrient recommendations
1 2 3 4 5 122. Impact o f  plant composition on animal consumers 
(protein, mineral balance, etc.)
1 2 3 4 5 123. Decomposition o f  plant remains (leaves, logs, stems)
1 2 3 4 5 124. Relationship between soil pH and nutrient uptake by 
plants
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------- 1 = No importance
------- 2 = Low importance
------- 3 = Moderate importance
------- 4 =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 125. Commercial fertilizer and lime as they relate to plant 
production
1 2 3 4 5 126. Run o ff  water as fertilizer
1 2 3 4 5 127. Surface and ground water quality as it affects plants and 
is affected by plants
1 2 3 4 5 128. Concept o f  water conservation in existing tillage 
operations
1 2 3 4 5 129. Irrigation as it affects plants and soils
1 2 3 4 5 130. Solar energy and its transduction in plants
1 2 3 4 5 131. Plants as a source o f  food/energy/fiber
1 2 3 4 5 132. Secondary metabolites as food, medicine, and polymer 
sources
1 2 3 4 5 133. Environmental plant ecology
1 2 3 4 5 134. Ecology: to understand interdependence in the present 
and the future
1 2 3 4 5 135. Explain Shelford’s laws (Law o f  Tolerance) — the
geographic or local range o f  any species is  limited by the 
fluctuation o f  a single factor or factors beyond the limit 
tolerated by that particular species.
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-------  1 = No importance
-------  2 = Low importance
-------  3 = Moderate importance
------- 4 = Substantial importance
----------------  5  =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 136. Taxonomy as a method for classifying plants according 
to relationship
1 2 3 4 5 137. Ethics and the environment: U se o f  herbicides and weed  
tolerant plants, use o f  insecticides and insect resistant 
plants, and the use o f  fungicides and fungi resistant 
plants.
1 2 3 4 5 138. Ecology as a study o f  plant/plant (one sense)
interrelationships in an on-going, evolutionary sense
1 2 3 4 5 139. Explain the factors affecting ecological succession
1 2 3 4 5 140. Implications o f  plant habitat destruction
1 2 3 4 5 141. Land capabilities and capacity as it relates to food and 
fiber production
1 2 3 4 5 142. U tilizing plants for providing human welfare w hile also 
conserving the landscape as an aesthetically pleasing, 
healthful, and ecologically sound environment
1 2 3 4 5 143. Groundwater protection and techniques to remedy 
groundwater contamination
1 2 3 4 5 144. Symbiotic characteristics o f  agronomic crops
1 2 3 4 5 145. Eutrophication and wetland ecosystem s
1 2 3 4 5 146. Sustainable production o f  food plants
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------- 1 = No importance
------- 2 = Low importance
------- 3  =  Moderate importance
------- 4  =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 147. Sustainable agriculture/horticulture as a resource efficient 
system
1 2 3 4 5 148. The use o f  chemicals in plant production
1 2 3 4 5 149. Proper techniques for organic farming
1 2 3 4 5 150. Livestock waste as an organic fertilizer
1 2 3 4 5 151. No-till as an erosion control tool
1 2 3 4 5 152. Consequences o f  continuous cropping o f highly erodible 
land
1 2 3 4 5 153. Hydroponics as a cropping means on nontillable land
1 2 3 4 5 154. Integrated pest management system as man-made 
landscapes
1 2 3 4 5 155. Biological alternatives to pesticides
1 2 3 4 5 156. Controlling insects and som e diseases with insect 
predators
1 2 3 4 5 157. U se o f  new powerful pesticides, systemic pesticides and 
monitoring their presence in foods
1 2 3 4 5 158. Plants as a vital part o f  a larger community o f  organisms 
on this planet which are critically inter-dependent upon 
each other and must be studied together in that context
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------- 1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
------- 4 =  Substantial importance
------- 5 =  High importance
--  Group's mean rating from
Questionnaire 2
1 2 3 4 5 159. Specialty plant products for food safety (being able to 
produce food with chemicals and fertilizers)
1 2 3 4 5 160. Biogas from biomass
1 2 3 4 5 161. Incorporation o f  "Third World" crops for disease and 
drought prevention measures
1 2 3 4 5 162. Plants and pollution: as indicators, controls, and 
associated with phytotoxicity
1 2 3 4 5 163. The role o f  fire in the plant communities
1 2 3 4 5 164. Use o f  computer aided drafting systems
1 2 3 4 5 165. Computerized record keeping systems
1 2 3 4 5 166. Impact o f  computers and telecommunications on plant 
science
1 2 3 4 5 167. Farm forestry benefits
1 2 3 4 5 168. Concept o f  set-aside land for wildlife conservation
1 2 3 4 5 169. Alternative crops for new marketing
1 2 3 4 5 170. National farm policy and consequential planning
1 2 3 4 5 171. Agri-marketing as effected by war, politics, and 
embargoes
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--------------  1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
--------------  4 = Substantial importance
--------------  5  =  High importance
-----  Group's mean rating from
Questionnaire 2
1 2 3 4 5 172. Agricultural diversification especially in third world 
countries
1 2 3 4 5 173. Agriculture economics: who is feeding the world, who 
is not, and why and what are the problems o f  "Third 
World" agriculture economics as addressed by explaining 
the range o f  views and their basis being in belief or fact
New Concepts gained from Questionnaire #2: Please circle the rating of
importance you place on each 
of the concepts
1 2 3 4 5 174. Specialty plant products for food safety (being able to 
produce food without chemicals and fertilizers).
1 2 3 4 5 175. Flowers: mutualism, interdependency and coevolution
1 2 3 4 5 176. The importance o f  forests and other plants as producers 
o f  oxygen and biomass
1 2 3 4 5 177. The role o f  the cell wall in making a plant what it is: 
allowing free passage o f  water and solutes, but resisting 
internal pressures as high as those in a domestic water 
supply; thus allowing the plant to consist largely o f  water 
(vacuoles) and thus present a large surface to mine the 
environment for water, minerals and sunlight
1 2 3 4 5 178. The role o f  the vacuole in allowing the plant to consist 
largely o f  water and present a large surface to mine its 
environment for water, minerals, and sunlight
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—-----  1 = No importance
------- 2 = Low importance
------- 3 =  Moderate importance
----------------- 4 =  Substantial importance
----------------  5 =  High importance
------ Group's mean rating from
Questionnaire 2
1 2 3 4 5 179. The importance o f  enzym es as the basic machinery o f  
life (not just something that digests food in stomachs!)
1 2 3 4 5 180. The role o f  nucleic acid in carrying the "message" o f
enzyme structure from generation to generation and from  
the genes to the rest o f  the cell
1 2 3 4 5 181. The effects o f  entomology on plants in the areas o f  
biological competition, growth regulation, disease, 
herbicides, stress responses, etc.
1 2 3 4 5 182. Consumer wants in the way o f  plant products
1 2 3 4 5 183. Plant science: meeting the challenges o f  different kinds 
o f  plant products
1 2 3 4 5 184. Consequences to rural society o f  plant science applied to 
agriculture/horticulture
1 2 3 4 5 185. Concept o f  risk benefit analysis as it applies to crop 
production and plant science research
1 2 3 4 5 186. The effect o f  environmental pollution on crops and crop 
production
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Please list any additional concepts that you consider important to this study that were 
not included in the above form.
Remarks:
APPENDIX I
Letter of Instruction for Nominating University Plant Scientists
AD
1~
Dear 2 ~ :
I would like to take this opportunity to thank you in advance for your time and effort. 
The following paragraph will serve to acquaint you with the purpose and some of the 
basic elements of this study.
It is the purpose of this study to determine concepts to be used in the development of 
secondary plant science curricula of the future. A necessary step in this study is the 
selection of an expert panel of innovative university plant scientists that are visionary 
in their general outlook. These individuals should be teaching and/or researching 
areas that represent the cutting edge of the plant science field.
I am asking you, as an active plant science professional to nominate ten or more 
leading plant scientists, on a nationwide basis, that fit the above description. Please 
give their name and university and, if possible, their area of technical expertise (i.e. 
plant genetics, molecular biology, etc.). In addition, the address and telephone 
number of the nominees would be helpful. If a directory is available, I will be glad 
to get this information myself if you will make an applicable directory available to 
me. Please make your nominations on the attached forms which are provided for 
your convenience. If there are any questions please feel free to contact me at 637- 
3598 or Dr. Mike Burnett at 388-5748.
Please feel free to involve your professional peers in this process and do not preclude 
yourself as a nominee. The nominator will remain anonymous to the nominee. I will 

































Letter to Initial Nominees of University Plant Scientists
1 -
Dear 2 — :
I would like to take this opportunity to thank you in advance for your time and effort. 
The following paragraph will serve to acquaint you with the purpose and some of the 
basic elements of this study.
I am requesting your help as a plant scientist in conducting a study which seeks to 
improve plant science curricula at the secondary level. It is the purpose of this study 
to determine concepts to be used in the development of secondary plant science 
curricula of the future. A necessary step in this study is the selection of an expert 
panel of innovative university plant scientists that are visionary in their general 
outlook. These individuals should be teaching, researching or have a consuming 
interest in areas that represent the cutting edge of the plant science field.
I am asking you, as an active plant science professional to nominate ten or more 
leading plant scientists, on a nationwide basis, that fit the above description. Please 
give their name and university, and, if possible, their area of technical expertise (i.e. 
plant genetics, molecular biology, etc.). In addition, the address and telephone 
number of the nominees would be helpful. Make your nominations on the attached 
forms which are provided for your convenience. If there are any questions please feel 
free to contact me at 637-3598 or Dr. Mike Burnett at 388-5748.
Feel free to involve your professional peers in this process as you deem appropriate 
and do not preclude yourself as a nominee. The nominator will remain anonymous to 
the nominee. I realize that your time is valuable and I assure you that it will be well 
spent on this important study. I again thank you for your participation and applaud 






Letter to Nonresponding University Plant Scientists
1~
Dear 2 ~ :
Please allow this letter to act as a second request for your help in this curriculum 
study. I realize that time is always at a premium and again I thank you in advance 
for your effort.
I have enclosed a copy of my initial letter which will further detail my request. If 





Letter of Instruction for Nominating Plant Scientists Working in Industry 
1~
Dear 2 ~ :
I am currently involved in a curriculum study in which your help as a plant science 
professional would be of great value and most appreciated. The following paragraph 
will serve to acquaint you with the purpose and some of the basic elements of this 
study.
It is the purpose of this study to determine concepts to be used in the development of 
secondary plant science curricula of the future. A necessary step in this study is the 
selection of an expert panel of innovative university plant science professionals from 
industry and the university environment that are visionary in their general outlook. 
These individuals might be working in research and development for industry or 
involved in teaching and/or research at the university level in areas that represent the 
cutting edge in field of plant science.
I am asking you, as an individual involved in innovative biotechnology to nominate 
ten or more leading plant scientists, on a nationwide basis, that fit the above 
description. Please give their name, address, phone number and, if possible, if 
possible, their area of expertise (i.e. plant genetics, sustainable agriculture, molecular 
biology, etc.). Make your nominations on the appropriate attached forms for 
university or industry which are provided for your convenience. If there are any 
questions please feel free to contact me at 637-3598 or Dr. Mike Burnett at 388-5748.
Feel free to involve your professional peers in this process and do not preclude 
yourself as a nominee. The nominator will remain anonymous to the nominee. I 
realize that time is precious, yet, your time will be well spent on this important study. 
I again thank you for your participation and applaud your timely response as the panel 





Nominating Form for Plant Scientists Working in Industry
Nam e----------------------------------------------------------------------------------------


























Letter to Nonresponding Plant Scientists Working in Industry
1~
Dear 2 —:
Please allow this letter to act as a second request for your help in this curriculum 
study. I realize that time is always at a premium and again I thank you in advance 
for your effort.
I have enclosed a copy of my initial letter which will further detail my request. If 





Initial Letter to Extension Plant Scientists
" D
D ear 2 — :
I would like to take this opportunity to thank you in advance for your time and effort. 
The following paragraph will serve to acquaint you with the purpose and some of the 
basic elements of this study.
It is the purpose of this study to determine concepts to be used in the development of 
secondary plant science curricula of the future. A necessary step in this study is the 
selection of an expert panel of innovative plant science professionals from industry 
that are visionary in their general outlook. These individuals might be working in 
research and development for industry or on projects that involve the latest advances 
in the field of plant science. Production agriculturists, such as farmers and 
nurserymen should also be considered eligible nominees.
I am asking you, as an active plant scientist to nominate ten or more leading plant 
scientists, on a nationwide basis, that fit the above description. Please give their 
name and company (if applicable) and, if possible, their area of technical expertise 
(i.e. plant genetics, molecular biology, sustainable agriculture or just different cultural 
practices, etc.). In addition, the address and telephone number of the nominee would 
be helpful. Make your nominations on the attached forms which are provided for 
your convenience. If there are any questions please feel free to contact me at 637- 
3598 or Dr. Mike Burnett at 388-5748.
Feel free to involve your professional peers in this process as you deem appropriate. 
The nominator will remain anonymous to the nominee. I realize that your time is 
valuable and I assure you that it will be well spent on this important study. I again 
thank you for your participation and applaud your timely response so that the panel 
from these nominees can be selected as soon as possible.
Sincere thanks,
C . Patrick Gaspard
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APPENDIX Q 
Letter to Nonresponding Extension Plant Scientists
1 -
D ear 2  ~ :
Please allow this letter to act as a second request for your help in this curriculum 
study. I realize that time is always at a premium and again I thank you in advance 
for your effort.
I have enclosed a copy of my initial letter which will further detail my request. If 





Comments From Round 2 
Comments from Secondary Agriculture (Plant Science) Teachers
•  "There is a lot of repetition in these concepts and some are very vague."
•  "Very significant concepts need to be taught." [This comment was made with an 
arrow drawn to three concepts which are as follows:
171. Agri-marketing as affected by war, politics, and embargoes
172. Agricultural diversification especially in third world countries
173. Agricultural economics: who is feeding the world, who is not, and why and 
what are the problems of "Third World" agriculture economics as addressed 
by explaining the range of views and their basis being in belief of fact
Comments from University Plant Scientists
•  "The problem with this exercise is determining the criteria for ‘importance’. In 
one sense I would rate virtually all of these concepts as ‘high importance’. But, I 
hate to do that, so I more-or-less eliminated the purely applied (agricultural) topics 
as ‘low importance’. That is I assume that we are talking about a ‘Biology 
Department" kind of botany or plant physiology course. In such a course, there 
isn’t time to cover everything, so those things would get short shift if I taught the 
course. But in an agriculturally oriented department like the on I ’m in, these 
would be very important concepts in an introductory plant science course. Also, if 
I had time to go through them again, I would make a  lot of changes. I did it in 
pencil, thinking I would have another shot at it. But time won’t allow it."
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Comments from Plant Scientists Working in Industry
•  "Question #142 is loaded: Crop production and protection is an un-natural process 
which critics will always complain about, while enjoying the high quality low price 
food that comes from modem agriculture."
•  "I am not sure whether we are talking about high school or university curriculum. 
Some of my 1 & 2 ratings would be higher for university/graduate study 
programs."
•  "I have forgotten the audience (type students) you are developing this curriculum 
for. I had originally thought high school. Is the material to be in all one course?
I made those assumptions when I answered the questionnaires. Also, I think 
training in risk/benefit analysis is important."
APPENDIX S 
Comments from Round 3
C om m ents from  Secondary A griculture (Plant Science-) Teachers
•  "This list of concepts seems very inconsistent in detail. Some concepts are very 
very specific & some very very vague. Many seem to be facts that should fall 
under broader concepts. I don’t think you could use this as a list of concepts for a 
course-- a teacher would put too much emphasis on some topics and not enough on 
others."
•  "Please send me a copy of the final result."
•  "I’ve enjoyed taking part in this study. The variety of concepts involved in the 
study presented me with a number of new ideas and approaches for my classroom. 
I would appreciate a copy of your completed study."
•  "Please send me a copy of the final results."
Comments from University Plant Scientists
•  "Please forward the final copy of all results obtained"
•  "I would appreciate a final summary. In developing a course, two kinds of 
questions would be of paramount importance: First— What is life? How does it 
work? (as these questions apply to plants) Second-- What about plant science as 
such a strong impact on our world that it simply cannot be ignored? I was amazed 
and troubled that so many of the respondents gave low marks to some basic 
principles of life function — plant life function, especially. The membrane 
concepts (#52), for example, is rather poorly stated, but the importance of
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membranes to life function is absolutely central. Without membrane function, 
there is no life! But it was rated 3.45! The ‘regulators of plant behavior’ misses 
the point; maybe that’s why it got low marks. In any case, I get the idea that 
many respondents are preoccupied with the details o f how plant science may be 
applied— the proper content of courses in horticulture, agronomy, forestry, and 
maybe soil science. I think basic principles of plants— what they are and how they 
work— should be the core of a botany (maybe also plant science— certainly [a] 
botanical section of general biology) course. Applications should be thrown in to 
add some diversity and hold student interest. Except that some more-or-less 
practical aspects are so important that they must be stressed. These include the 
role of plants in maintaining our atmosphere, for example."
•  "Political ‘cause group’ science seems to be creeping into curriculum concepts. I 
apologize for my abrupt responses but almost weekly I am contacted by B. S. 
graduates with stars in their eyes wanting to save the soil and food from 
degradation, etc.. They know no chemistry or physics and want to get in graduate 
school. They think you can produce oxygen or that plants can grow without 
chemical. What is in their science curriculum?"
•  " We have to be aware that there are fewer and fewer horticulturists or 
horticulturally minded teachers in plant science today. Over the years I have 
found our horticulturally trained students who go into teaching able to catch the 
interest of their students better than non-horticulturally trained teachers. This is 
due to the fact that horticulturists can bring in practical facts about a variety of
plants and how they respond to environmental factors. The students already have 
seen these responses and their interest perks up. Whereas teachers who can bring 
into the discussion but few examples to back up their discussions, find many 
students losing interest and sleeping or trying to sleep. Most students in a class 
will NOT be researchers, only a few will and have the capability to do this. So, 
we need to adjust our teaching to the group that will do something else for a career 
and thus the practical application of our discussions interests them more. I believe 
in some of the answers here, the high tech people have had too much influence in 
deemphasizing the horticultural aspects of plant science teaching."
•  "I would like to see a final copy."
•  "I would like a final copy of all the concepts gleaned from the study and the mean 
importance levels."
Comments from Plant Scientists Working in Industry
•  "I think it is good to teach students both sides of some of the environmental and 
ethical issues in agriculture. Also regulatory issues: in raising the criteria for 
pesticide safety, we will eliminate some products of marginal profitability that 
companies simply can’t afford to test/retest. Should there be shortcuts for niche 
market products? It can be argued that environmental and residue (in harvested 
plant parts) traits are of social importance while acute/long term toxicity properties 
are of concern only to the farmer. If he can handle the chemical safely (no 
personal exposure) then it’s not a societal problem, and should not be regulated
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(we don’t regulate cigarettes—that’s left to individual choice). Every biology 
course should have a section on ISSUES. Students will love it!
•  "Will appreciate having a copy of the final analysis or conclusions from this very 
thorough study."
•  "Really have a lot of difficulty trying to figure out the economics of scoring these 
issues. Of course they’re all important to some degree but if we’re not forced to 
compare these (as in what we would teach in a single course with limited time) 
rating them doesn’t much matter.
•  "I disagree— [comment in relation to concept #4—The study of plant science as an 
essential preparation for responsible citizenship, no matter what vocation is 
pursued in later life] Political scientists may never take a plant science class and 
may not need such a class. Politicians should rely on experts and the same can be 
said for numerous disciplines." "In contrast to chemistry and physics, high school 
biology (and especially plant science) lacks substance. It is regarded as an easy 
class to avoid working too hard. Too many of the concepts in this document still 
reflect that mentality. Teaching solid fundamentals will really help the students."
•  "After a fresh look my marks may be too low and harsh concerning an ecology 
unit of the curriculum. Most of the concepts receive a 3.xx rating which doesn’t 
give much differentiation for curriculum development. There is too much 
emphasis on practical application. Insert some of that information to make the 
class interesting.
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